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RELATION BETWEEN BODY WEIGHT AND CAFFEINE TOXICITY 
IN BUFO ARENARUM HENSEL 

B GtJNTHER* amj> 3 B ODORIZ 
Phvti«ioffieal DtpariwmU Butno* Atra Mcdteal Sckocl 

There is no uniform ontonon for detennniation of the inter-relation existing 
betweem body -wei^t and tcndcity of drugs. In many mstancca It is found that 
in larger itnlmaW injected with a doee detennined by unit of weight, the per 
centage of mortality or the seventy of the mtosacation is much higher than m 
smaller onee For instance, Behrens (1937) found that mortality with a given 
doee of strophanthin for the frog of 20 gm is 4%, and 88% for the frog of 50 gm 
On the other hand Kissalt (1016) established that DI^ for caffeine injected 
Intraperitoneally In rats Is the same for animals under 40 gm and those over 
120 gm 

It la generaDy agreed that standardisation of dosage based on body wei^t is 
inaoenrate. Clark (1937) mamtams that it is Impossible to formulate a general 
law based on this relationship In a stiniy of anaeethetio dosage of nsnbutal 
in cats and dogs Baxett and Erb (1933) found that the data could not be plotted 
os a wtr fijgfa t line on either loganthmle or scmi logarithmic paper The curve 
was aocnen^t S-ehaped but when the data were plotted on logarithmic prob- 
ability paper a strai^t bne could be obtained. They believe that from such 
curves ^e relatiooship of doeage to body weight can be predicted with eonsider 
able accuracy However this method would require cWiderable modification 
to apply gen e r a lly to different drugs and different speciee. Calculation of 
dosage based on drug surface area relationship has been proposed by Moore and 
by Dreycr and Walker This has a doer conneobou with the volume of body 
water throufdi which the drug cmmlatce and consequently its distribution con 
centration in the body organs Neither of theeo methods however, takes into 
consideration the body organ s metabolic proceaees cspecmlly thoee of detoxifica 

We chose caffeine for our study because through its uniform distribution m 
nearly all the organa (Krapsld, Kuni and Almasy 1934 Bock 1920) its doeago 
per body wei^t gives an approximate concentration proportional to the Injected 
dose. Furthermore the dnnlnation and detoxication take place practically 
withm two or three hours (ISohler 1938) and mortality rates can be determined 
within this period. Survbing anunals are normal the foDowing day 

Having determined the Dl4« wo tned uring this to find a mathematical formula 
which could allow us to adjust the doeage to animais of any weight. 

Method Mean lethal dose was determined m Bufo arenarum Hensel, 
injecting a 10% solution of caffeiue-sodium benxoato (Merck) m Ringer mto the 
ventral lymph sac This mixture contains S8% of pure caffemo. To obviate 
the influence on body weight of the ovnnee the mass of which Is variable only 
males were used 

* From the Phyildofical I>epftrtmeDt UnlTonlty of ConeepeliSn Chfle 
1 
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EjcrmiMcsTAL nEstn-Ts A) DcUmtnolton of DU> The mean lethal do'io 
found IS Ehowm in table 1 Mean lethal dose for females is I gm of cafTcme 
sodium bcnioatc per kg (24'’C) Tor males it isO 9 gm Filelinc (18SG) found 
that the mean lethal dose for caflcine is 0 1% of tlio bodv weight in the European 
frog 

B) SympUmaUhlogy of the caffeine intoxication Following the injection of 
toxic doses of caticme m toads, there can be seen a acrj marked hjpcrrcnoxin 
and n hjiiertonus of the muscles (fore legs in flexion, lund legs m extension), 
going from a sloping of all moacments to complete fixedness Death occurs 

TABLE I 

DtJ<mina(i£m of DL\t leith a 10% lolutton of caffeine todium benzoate tn Bufo arenanim 

Ilemel (female) 


Injection into thr abdominal lymph eao Boom temperature 24'C Time I7h (20 III 
43) Ten toads injected with each dose Period of observation 24 hours 


Doit or CAmuKX soDirv ttvroATX (iro / 

xa) 

600 

700 

i 

KO 

WO 

1 

low 1 

j 

1 lOO j 

IJOO 

IJOO 

Weight in grams 

157 

105 

155* 

115 

130 

115 I 

170* 

115* 


100 

120 

200" 

las 1 

135 i 

100* 1 

100* 

105* 


00 

76 

100 

90 

125 

so 

116* 

95* 


100 

185 

165* 

170* 

no 1 

85 

140* 

115* 


120 

ICO 

1S5* 

110 

105 

150 

140* 

85* 


130 

175 

120* 

105* 

105 

115 

100* 

SO* 

1 

120 

185* 

125 

ICO* 

175* 

100 

60* 

105* 


103 

05 

00 

120 

135* 

105 

100* 

95* 


116 

115 

135 

120 

146* 

95 

as 

95* 


105 

70 

ICO* 

155* 


SO 

85* 

90* 

Observed mortalit} 



0/10 

4/10 

3/10 

1/10 

0/10 

10/10 

Calcuiatcd mortality (Behrens) 

B| 

1/37 



14/31 

16/25 

24/25 


Lethal dose 

DL, 

■ 


■ 

DL,, 



DLitt 


•Dead 


gcnerallj wnthin two hours and the animals which cscojx! it, in spite of a marked 
hv-pertonus, progrcssia elj return to the normal state 
Care was taken to record room tcmjicmturo m nil axpenments smee it was 
later proaed to be of paramount impiortancc in caffeine mtoxication The 

quotient Q = ^ >= 2 1C speaks m fax our of a well defined toxicity of this 

ULi 0 

substance 

C) Influence of iccighl on moTtality The xanous groups injected with in- 
creasing do«C3 of caffeine per kg clearly showr a higher mortalitj among the 
animals of larger weight Such a fact led us to study more deeply the cnw^c of 
this Cndmg First, it was necessary to cstabksh if the aboxc mentioned differ- 
ence m mortality was significant or not For that, two senes were ased, one of 
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Urg« wnimftlw find the other of small oaes. They were injected with doees of 0^ 
and 1 g /kg of cjoffeine The results can bo seen m table 2 TTsing the figoree 
given here the perc^taga of mortality of the small animals calculated with the 
formula of van der Waerden (1036) was 84^% and for the large once waa 76%. 
This difference is significant,* 

D) Co rmU ion for wexfihl dxfferencu. ITie second step was to find a way to 
obtain a homogeneous mortality for aU wmghta It was obtamed (B GQnther) 
by cliAJiging the exponent n in the foUowmg formula D — fC TF in this fonnula 
mjected dose K *• constant which changes for each exponent and for each 
doee, and W " body weight. The vanntion of the exponent in the fonnula 

TABLE 2 


ef tMighl on tht toslcilt oj a 10% tolvtion tjf cafftint todium hentoaU in the Bvfo 
arrMnan Betml ^ injteitd into the tentrol lympX lac 
Period of obeerT t tlon 24 houn 


jtooH^nmmn 

jm. 

irc. 

arc. 

DUa. 

U/IV/U 

M/niAi 

iiyv/u 

Don 


iAa./U. 

LISVU 

Oracp 

mam 

IBEQI 

<»«. 

>IU K 

<W g. 

>m a. 

Weight la 

7B 

142 

86 

180 

78 

lU 

gram 

77 

148 

90 

1S3 

64 

US 


00 

1«3 

85 

187 

63 

197 


62 

163 

90 

180 

79 

128 


73 

149 


145 

69 

118 


86 

ISS 


117 

76 

129 


78 

168 


127 

66 

114 


88 

1S8 


116 


U7 


81 

UO 


126 


116 


88 

165 


180 


117 







128 

Obeerredmor 







tallty 

2/10 

6/10 

8/10 

7/10 

4A 

llAl 


makes It possible to change the slope of dose curves in such a way that the 
mortality remains uniform aa can be seen in the different curves of fig. L If with 
a given exponent the equalization of mortahty cannot be attained some other 
must be tned (see fig 1) 

The mean lethal doee previously determined is taken aa the reference dose or 


Pi -P i 


‘ThaealoulttiocUmAdelnibefollawiofWfty 2) » 




ni ni 


D — differenco which ii lifnlfieuit when hisher than SO Pi — percenUge of mortalitr of 
the fint troop Pt {Mroentato of mortality of the eeooDd group p ■■ perceotage of total 
mortality} q -• 100 — p ni * nomber of obaerratloiu of the fint group ni -• tmmber of 
obeerratlona of the eecood group 
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some other one can be used, if desired This dose is placed m the pomt of mter- 
crossmg of all the curves (pomt C, fig 1) Startmg from the general formula 


D = K TF", we can determme K for a given exponent, because K = 


such an equation D = mean lethal dose, TF = mean weight of the animals m- 
jected when determining the aforesaid dose, n = exponenent we want to use 
Table 3 describes the manner m which the scale of doses is obtamed, m the 
center of the system is the value of C = 100 mg of caffeme sodium benzoate for 


100 gm of frog’s weight 



In table 3 there has been established the dosage for a number of weights, 
changmg the exponent of the above mentioned formula It is convement to 
make a special table for each exponent m function of the v eight If it is needed 
to use other reference doses, the new value of the correspondmg K must be 
calculated 

E) Comparative mortality with the different exponents. In table 4 vanous ex- 
ponents have been apphed and the mortahties m the different groups are com- 
pared As we are dealing with a smaller number of animals, percentage of 
mortahty was calculated with van der Waerden’s formula (1936) The final 
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resultB of tim senes of expenmenls are ropreaented m fig 2, The rwulta ob- 
tained with two reference doses, 0 9 and IX) g /hg are given 
If caffeine is injected in direct relation with wm^t, Le. with the exponent 
n a 1 0, it can be seen that the mortahty of the large ajinnnJH is far higher than 
that of the small ones with both reference doses If the exponent 0 15 is used, 
le. the injectiona are made following the loganthm of wei^t, the percentage 
of mortality is mverted and are more numerous among the small than 

among the large frogs 

"With 0.6 as exponent, mortality is nearly equal m large and small animala, 
but if we use a dose of 0X1 g As can be seen that mortahty with this ex. 
ponent is hi^er among the small animals, that is the dose is too large for them 
Using 0 66 this difference diminishes, l^e best results are obtained with the 
exponent 0 76 This value cannot be more accnrately detertnnred because the 
individual vanationa of suscepUbihty are especially marked m theee animals 

TABLE 3 


Coladaiion pf di^trtni do4u oj cci^aiu todtam IwumI* for (A4 Bnjo araxantwi Btn»il d* 
Refereao® dc»e DL*i — 1 c A* 


P -m xm 

Tomctu or W vn aoramt 

xxMKTvna 

1 noonr or m emnm X, mrmrm* vr 
^ nx totaact 1^ 

Xipawit ■ 


m 


OJO 


9M 

in 

»J1 

04ft 

OJD 



Coactut X 

■ 

■ 

■ 




in 

Ml 

443 

104 

a4 

WJ 

06 6 
100 0 
itn 6 

ICO 0 

Wdfht W in 

Kramfl 

60 1 
100 

160 

200 

60 1 
100 
160 ' 
200 ' 

18 t 
SI 6 
42 6 
62 0 

18 6 
21 5 
28 2 
S3 9 

7ll 
10 0 

13 2 

14 ll 

8 6^ 
4 «3 
6 28 
6 8^ 

1 23 
1 30 
1 3S 
1 SO 

60 0^ 
100 0 
160 6 
200 0^ 

69 s' 
100 0 
186 9 
iw o| 

C3 7 
100 0 
ISl ^ 
167 el 

n 0 
100 0 
m o| 
141 o| 

70 6] 
100 0^ 
114 0{ 

126 oj 


F) Infiuaux of mdaboUc xnienniy on moTiahty The above mentioned cx 
penments show clearly that the small wnimnlw ha\*e better chances of resistance 
than the large ones This could be explained by two mechanisms 1) the email 
animal has, per umt of weight a higher amount of tissuee that have an active 
part m the catabolism of the drug (liver kidney skin intestme) 2) with an equal 
amount of parenchyma metabohsm might be higher per unit of weight among 
the inmall UTihnftlii 

with respect to the first possibihty, Blank (1934) was able to prove m the 
frog and in the toad that the small animal has per umt of wei^t a greater amount 
of hepatio and renal parenchyma. GOnther and de Boldati (1943) have con 
firmed this for the kidney in Bxifo arenanm HenseL This difference "between 
email and large anunals applies generally sa has been ehown by etodiee on 
weights of various organs in the aamo and m different species (Wchet, 1896 
Donaldson 1924 Clark, 1927 Kestner 1934 Kleiber and Cole 1937) With 
respect to the possible metabolic difference, there are data of Terrome and IW 
pc<ih (1931) liang (1934) and Blank (1934) GsIH Molnim (1943 personal 
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commumcation) They all found constantly an enormous difference between 
the metabolism (oxjgen consumption) of large and small frogs 


TABLE 4 


Comparison of morialiiies applying different lalues in the formula D K W' to exclude the 
influence of weight on mortality unth toxic doses of caffeine sodium benzoate in Bufo 

arenarum Bensel o' 


Datt 

2/tV/A3 

im/a 

6/IV/43 

7/IV/U 

n/v/i3 

Tcmpcr»tore C, 

22 

22 

22^ 

22 

IS 

Dom (me ) 

50 W» B 

10 w* 

8 W*-* 

ia 

5 17 W* ” 

Groups 

S* 


s 

u 

L 

S 

M 

L 

s 


L 


D 

H 

IVeigbt in grams 

69 

m 

67 

91 

120 

85 

104 

160 

49 


143 

76 

102 

m 


69 

133 

66 

96 

147 

64 

100 

160 

66 


146 

60 

98 

■till 


60 

114 

67 

86 

125 

85 

105 

160 

70 

89 

136 

69 

102 

120 


69 

125 

74 

97 

116 

78 

105 

168 

46 

89 

128 

65 

103 

120 


64 

123 

63 

97 

110 



146 

46 


142 

76 

104 

124 


68 

113 

^9 

95 

138 

74 

100 

157 

65 

65 


62 


127 


76 

ftli! 

66 

100 

116 

igil 

106 

146 

73 

95 

IR? 

76 


125 


69 

114 

70 

95 

110 

79 

108 

144 

66 

89 

125 

81 

99 

140 




65 

101 

140 

76 

100 

144 

60 

89 

132 

70 

99 

147 




60 


125 

77 

106 

167 

49 

96 

127 

65 

99 

132 




65 


120 







66 

105 

146 




70 


120 







76 

97 

128 




68 


135 







69 

103 

132 




68 


125 







71 

100 

135 




72 


145 







64 

98 

136 




67 


146 













76 


125 













65 


130 













65 














■ 

a 












Mortality observed 
after 48 hours 

6/8 

2/8 

16/20 

6/9 

14/18 

5/10 

2/10 

0/10 

2/10 

3/10 

1/10 

16/16 

■ 


% of mortality cal- 
culated according 
to V d Waerden 



73 

63 

76 


25 

8 

25 

33 

17 

94 

89 

94 


p ■=■ — j— 100%, Z = no of defltbfl, n — no of observations 
n~T“2 

• S “ small, M — medium, L — large 


The relation between temperature and metabolism has been described by 
Benedict (1932), Krogh (1941) and others Increasmg the general metabohsm 
of the large animals by exposmg them to a higher temperature should equahze 
this difference in metabolism 
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Trying to verify this assumption, some groups of large toads than 137 
gm,) ■w«o placed m individual containers with water nt 36 C and were kept 
in a thffmoetat at this temperature. Three hours later they were injected with 



Infivi€nu of Unpmturg on mmialUy vf(A eafftxM 
Ifijeetion of 1 c /kg ol Modloni beaxonta Into the Te&tnJ lymph i»o of 

Bvfo aronortan HenMl ^ 


0>ocv 

U 

^ 1 

t 


H 

u 

14 

Wdght On grama) 

UT 

142 

76 


1S7 

14« 

TO 


1 

142 

82 


1 140 

UO ^ 

70 


147 

m 

84 


146 

161 

61 


157 

162 

77 


140 

140 




146 




140 




146 


1 


149 


Oboerred morttlity In 
24 boon 

6/8 

12/12 

7/7 


a dose of 1 g./kg, of caffeine sodium bentoate and kept in the thermostat till the 
following day 

Some groups of large and others of amaQ animals (see table 5) were injected 
With the same dose aunultanoously and th^ were left at room temperature 
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(IC'C ) All of them showed a pronounced hypertonus of all extremities and 
died without exception 

Among the large ammals placed at 36®C some presented a marked hypertonus 
and died Those survivmg were qmte normal the followmg daj At room 
temperature of 16°C , the dose of caffeme used is DLioo even for the small ammals, 
but among the eight large ammals left at 36°C , three survived This proi es 
clearly the protectmg action of the metabohc mcrease caused by the thermic 
elevation 

With the dose of 1 g Ag mjected mto normal toads we found that with a 
temperature of 16 to 18°C the mortahty was 23/23 (including the results of 
other senes), but at 36°C , mortahty was 3/8, a difference which is sigmficant 

Discussion Among homeothermals as well ns among poikilothermals, it 
has been shown that the small animals have per umt of weight a higher per- 
centage of visceral parenchyma and a more mtcnse metabolism than the large 
ones For the mammahan, Kleiber (1932) and Brody (1932) established that 
the basal metabolism m function of the w eight can bo expressed m the followmg 
way Q = 70 6 TF“ 

It 13 mterestmg to pomt out the analogy existmg between this general meta- 
bohc formula and the parabolic function for the detoxication of caffeme m the 
toad (DLso = 3 17 TF° ”) In the poikilothermals, as well as m the homeother- 
mals, the basal metaboihsm (TF° ”) is the result of the sum of all the metabolic 
processes withm the tissues, especially of the muscular (IF* ') and visceral (IF®-*) 
metabolism (Gunther, 1944) 

Our experiments would pomt towards the whole metabolism and not that of 
special organs takmg part m the process of caffeme detoxication 

Dreyer and Walker (1914) analyzed the experimental results of numerous 
mvestigators, with reference to the toxicity of substances of quite different 
composition and ongm (diphthena toxm, arsemc acid, codemo hydrocblonde, 
morphme, physostigmme sulphate, atropme sulphate, poisons of snakes, adren- 
ahne, tetanus toxm, potassium chlonde and caffeme) tried m various mammals 
They ami ed at the conclusion that it is more exact to relate toxicity to body 
surface The exponent which they prefer is 0 72, that is, the same as we found 
for the Bufo arenarum Hensel mtoxicated with caffeme With this, the above 
mentioned authors have shoivn the general apphcation of this exponent, which 
they beheve is directly related to body surface (hypothesis first proposed by 
Moore, 1909) and to the total \olume of blood This conclusion is questionable 
because there are many organs and functions mcluded m the metabohc formula 
mentioned above and any one of them could easily effect the result 

On the other hand, a special case is the determmation of the minimal lethal 
dose of the digitahs bodies (per kg /body weight), which is the same for young 
and adult cats (Haag and CorbeU, 1940) The most exact relation was found by 
Chen, Bliss and Robbms (1942) on givmg digitalis to cats accordmg to the 
followmg formula, dose to 2/3 power of fresh cardiac weight They mterpret 
this formula as a relation with the size or surface of the heart, but really it must 
be a fimction that represents cardiac metabolism If the metabolism is ax- 
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pressed per unit heart-weight, it givee aa ejcponent approximate to —033 The 
value of —033 was found also to represent the metabolism of skeletal muscle 
and that of other tissues (Meyerhof and Himwich 1924, Kleiber 1941) These 
rdations suggest a parallelism between cardiac muscle metabolism and digitalis 
doeage. 

From the above mentioned experiments it can be deduced that there is a close 
relationship between caffeme toxiaty and the metabohc activity of all tissues 

BUUMABT 

1) With animals of 100 gm the DLm for caffeme sodium beatoate is 13 
g /kg in the female of Bnfo crenorum Hensel, and 0 9 g /kg. for the male at 
24“C 

2) If a given dose per unit wei^t is mlected, mortahty is hi^er with large 
animals than it is with the small ones. 

3) This difference disappears when the drug is injected according to the 
following formula JD K TF , obtaining then a mortahty quite uniform, when 
the exponent n is 0 75 

4) The relatively smaller metabolism of the larger animals can be compensated 
by kee^nng them in a higher temperature. 

5) There is a oloee rdation between the intensity of metabolism and the 
processes of detoadcation of caffeine. 

6) The application of the procedure under study to other drugs and speoiGS 
IB discussed 

It is a pleasure to express our appreciation to Professor B A Houssay for 
his interest m this work 
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THE POSTERIOR PITUTTAR'i LIKE ACTTIVl'n OF COMMERCUL 
ANTERIOR PITUITARY PREPARATIONS 

B E DICKER AKD H. HELLER 
From Dfpart»t*nl of Pharmaccloff^ Ururertils of Britlol Bn^and 
RecelTcd for poblleatton October SO IWA 

Ithaa recently been reported by Sayere, White and Long (1) and Chance and 
Middleton (2) that their labomtoiy preparations of one of the antenor pituitary 
pnnciplcs contained considerable amounts of postenor pitultaiy like nctititiea 
Since certain antenor pituitary fractions were to bo in\ estigated for their effect 
on water and clectroljdo motabobsm In view of the above reports it w'as thought 
advisable to test the prepamtiona for postonor pituitary like factors. These 
tests extended to nine commercial antenor pituilarv preparations available 
at the time To make on identification with poslenor pituitary principles as 
clo*e as possible the antidiurctlo and vasopressor as well as the axytodc actl^^ty 
of the antenor pituitary preparations was estimated The resistance to alkali 
of any postonor pituitary like activity found was also investigated 

Mcrnotii A««ov of aniidiurtlic odtntjr Introvcaoua iD]e«tioni Into QD&iuieitbeU»ed 
rabbit* w«rt employed- CWslker (3) Heller (4) ) 

Aetov of prtttor aeirvitu BpiojJ cats were need lojecUone of Ibo te»t eolation were 
interpoeed between bjeetione of a lUndard doee of PitaiUry (poeterior lobe) Extract 

Aueif of ox)fioc{c aclinly Vlr^n eabea pips veto used 

of tke alkoli mletanee of pooltnor pt(iit(ory4Ur oetintie* tn anterior pUut 
(ary eztraelB It U known that the posterior pituitary princlplre are in&ctlrated b t 
strongly alkaliiM medium Dudley ■ (6) teat was therefore sppikd to the anterior pitul 
tary preporation InrciUgated, The teet eoDtuta In mbang a volume of extract with an 
equal volume of eodium hydroxide The mixture U allowed to itond for 2 hour* at room 
temperature and Is then carefully neatralued wlth2N hydrochlono acid Such neutrallted 
eolations suitably diluted were tceted for their antldluretie rasopreaior and oxytocic 
aetlrity 

Poetenor pituitary extract (British Drue Houses) was used as the itaDdasd preparation 
pH determinations wore done with the B DJI eaplllator 

RisuiiTa, The results of the evaluation of the antidiurctlc, pressor and ox 
j'tocic actmtles of the vonous antenor pituitary prcperotlons iii\ eetigated are 
given under the subsequent headings Extracts available m powder form wera 
not dissolved in the soli'cnts provided by the makcra as it was found that some 
of the solvents produced an ox> tooic effect bj themselves The hormone ponder 
contained in one ampoule was therefore dissolved in 1 0 cc saline or Ringor^s 
solution 

K Antenor Pilinlary Exirad9 I Antenor PtUntary Exlrvci {Parke Ihvio A 
Co ) Formerly known as AnUiitrm Ampoules containing 1 0 cc Makers 
descnption ‘ An aqueous acetic extract dcrii’cd from 1 1 G (17 gr ) of frwh 
antenor lobe of tlie pituitary gland No claim m made for gonadotrophic or 
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Bkeletal-growth-atimulating activitj ” Content of presen'ati\e not stated, 
pH of extract 4 7 

Thirtj-tv\o experunents wth four different batches of this preparation iiere 
performed The follouing amounts of posterior pituitarj'-like actmtics i\ere 
found per cc 1) an antidiuretic actmtj equivalent to 0 02-0 04 unit, or 20 to 
40 milhumts (mil) postenor pitmtarj extract (fig 1), 2) an oxjdocic actmtj 
equivalent to about 100 rnU posterior pituitarj' extract (fig 2), 3) a pressor 
actmtv equivalent to about 100 mil posterior pituitarv' extract (fig 3) The 



Fia 1 Pbessor AcnviTT OF Anterior PiTuiTAnr Extbact (Pahke, Da vibA, Co ) 

Batch III 

Spinal cat a = i v injection of 2 Occ Anterior Pitnitarj Extract (dilution of onginal 
extract 1 81, treated with 2N sodium hjdroxide b — 20 mU posterior pituitaty extract 
IV e »» I V injection of 2 Occ AntenorPituitary Extract (Dilution 1 8) i \ TheresuUs 
suggest that 2 0 cc Anterior Pituitarj Extract diluted 1 8 i e containing 0^ cc of the 
onpnnl extract contain the equivalent of more than 20 mU jmstenor pituitary extract i e 
the anginal Antenor Pituitary Extract appears to contain the equivalent of more than 80 
mU postenor pituitarj extract per cc Note the fall of blood pressure preceding the pressor 
response of a and c 

pressor effectsw ere regularlypreceded bya depressor response Most or all of the 
antidiuretic, oxjtocic and pressor activntj disappeared after treatment wth 
2N sodium hydroxide but the depressor response was not affected by the alkali 
The fact that the oxjtocic response disapjjeared while the depressor response 
persisted makes it unlikely that the unknowi depressor substance w as histamine 
However, it may have been sunilar to the peptone preparation obtamed by 
Hanke and Koessler (6) v\ hich according to these authors did not contract the 
gumea-pig uterus but lowered the blood pressure of the dog The estimations 





FiQ 2 AwTiDitrantc AcTimr or AjrrestOft FrrmTA»T Extbact (Patoui Davjs 4 Co ) 
r ■> rabUt IH) 17 At 10^ «jn aodl^pjn olbo^ wtlrbl of waterby itomaeb 
tab« A •• 0^ e« Anterior PitoiUrr Extract B«tob 21 fIMisUon 2 It})} r P 10 mU 
poeterior pltuiUrv extract f r C • OA ec Anterior Htoitar^' Extract {Pliation 1 10) 
traoled with 2K todiura hydroxide it II « rabbit No )2 Aticiba^ amllOOpjn 
rrater by etoniach tobe P ■■ 0.5 oe Anterior Pituitary Extract Batch III (I 10) i r 
A’<« I mV poeterfoT pituitary ertraeli v It foUo^ frorn A and B that batch Ileontalned 
theeauiraientofabont^OmlT poctenor pituUa^ extract per ce Cehora (bat moeiof ilie 
antidiuratle potency la the Anterior Pitmtaiy Extract had been inaetiTated by the treat 
coent withalaalt u and J^sntccat Uiat batch III contained le« anUdiaratie activity than 
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Fio 3 OxTToCTc AcTjvrrr or AxTHaioa PrruiTAtr Erraacr (Pakk* Dati» A Co ) 
laoLATen (Pmua 

A and C •• 10 mU poetcfior pituitary extract B — 0 7 c< Anterior P5(nftary Extract, 
batch 11 (dilution 1 8) The utena o( a different animal vraa taed lor D *nd E i> 3Jl 
rulXpofteriOT pituitary extract A" - 0.5eo Anterior Pituitary Extract hatch 11 (dilution 
1 S) Irealed with 2N aodlum hydroxide i t The oxytocic activity of batch II raa appar 
ently etjulvalent to about 100 mU poatcrior pituitary ailract per ec 






14 


S E DICKER Ai\D H IfELEER 


of the pressor and the oxytocic actmtj agreed satisfactonlv, ))iit tlie po-.sihdit} 
cannot be excluded that the discrepancj lx;t\^ecn these experiments and the 
estimations of the antidiuretic activity x\as due to the presence of tiie unknown 
depressor substance The agreement between oxj’tocic and pressor estimations 
suggests that Antenor Pituitary Extract (Parke, Darns A Co) contained a 
posterior pituitarj'-hke actnitj cquixalent to approximate!} 100 mU /cc 
2 Anlcnor Ptlmlary Exiracl {Pomes &. Bymc, Lid ) Ampoules containing 
1 I cc Makers’ description “Equnalcnt to 30 grs of fresh substance ” Con- 
tent of prcserx'ativc not stated , pH of extract 6 1 
Seientcen expenments wnth two batches of this preparation were performed 
The follow mg amounts of posterior pituitary-like activities w ere found per cc 1 ) 
an antidiuretic actixit} equivalent to 10 to 20 mil posterior pitnitar} extract, 2) 
an oxytocic activnty equivalent to about 40 mU postenor pituitary extract, 3) 
a pressor actii ity cquii alent to 20 to 40 mU postenor pituitary extract The 
pressor effects obtained w ith one of the batches w ere preceded bv a fall of blood 
pressure All the postenor pituitary' hke activities disappeared after treatment 
wnth 2N sodium hydroxide but the depressor response persisted The do 
pressor effect would, therefore, appear to haxc been due to a substance similar 
to the one contained in Antenor Pituitary Extract (Parke, Dax is A Co ) 

The agreement between the results of the 3 tests and the inactivation by 
alkali suggest the presence of some postenor pituitary' like substance in the ex 
tract The amount present per cc would appear to have been equivalent to 
between 10 and 40 mil of posterior pituitary extract 
B Gonadotrophic Fraction 1 Oonadolraphon (Paines A Bijmr, Ltd ) •Vm- 
poules of powder Makers' descnption “Gonadotropic hormone from 25 gr 
fresh Antenor Pituitary The Ampoules of Powder each contain 50 mU of hor- 
mone " 

Thirty -fixe expenments woth two batches of this preparation were performed 
The foUowmg amounts of postenor pituitary-like activities w ere found per cc 1) 
an antidiuretic activity equix alent to about 10 mU postenor pituitary extract, 2) 
a pressor activity equix alent to about 10 mU postenor pituitary extract, 3) the 
oxytocic activity of the first batch investigated equalled less than 20 mil posterior 
pituitary extract The estimation of the oxy'tocic potency of the second batch 
met considerable difficulties m gixnng X'cry x anable results Values for oxvtocic 
actix'ity ranging from the equivalent of 50 to the equix alent of more than 320 mlJ 
postenor pituitary extract xxere obtained Hoxxever, the oxvtocic as xxell as 
the antidiuretic and pressor actmties were found to haxe disappeared after 
treatment xnth 2N sodium hydroxide The absence of a depressor effect sug 
gests that the substance responsible for the unduly high oxytocic actix'ity' of 
Batch II was not a histamme-like factor The inactivation of the oxytocic 
activity by alkali agrees with this assumption 
The high oxvtocic activity of Batch II has not been considered m the final 
assessment of the average postenor pituitary like potency of this preparation 
2 Synapotdtn (Parke, Dams A Co ) Rublier-capped bottle containing 10 cc 
of extract Makers’ descnption “A combination of chonomc gonadotroplim 
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(lutemlnng hormone) from human pregnancy unno and the folhclc-Btiraulating 
hormone (gonadal synergiat) from the anterior lobe of the pltuitarj gland Each 
cc containa 16 synergy rat iimta Content of preeen ati\'e 0 5% phenol pH 
of extract 03 to 7 0 

Se\^teea expenmenta \nth one batch of this preparation were performed 
The folIo^Ning amounts of poatenor pituitary like activities n\ ere found per cc 1) 
an antidiurctic activity equivalent to about 10 mU poatenor pituitary extract, 2) 
an oxvtocic activity equivalent to 10 to 40 mU postenor pituitary extract, 3) a 
preffjor activity equivalent to about 10 mU poetenor pituitary extract The 
postenor pituitary like activities disappeared after treatment \nth 2N sodium 
hydroxide A depreesor effect 11*08 ob8or\ed m some Instances but iras onlj 
obtamed after se%eral samples of extract had been mthdraun from the bottle 
This finding may suggest that it \\ ould be more ad vwalile to keep the preparation 
in ampoules 

C Grtnclh Hormone 1 Anlinlnn Oimolh (Parke Dans S: Co) Rubber 
capped bottle containing 20 cc Make™ descnption An extract of the antenor 
lobe pituitary gland containing the growth hormono with small amounts of 
thyrotropio and gonadotropic hormones Each cc contains 10 rot-growth 
units Content of presen ati\c 2 6% butanol pH of extract 0 0 
Twenty two expenments with one batch of thw preparation were performed 
The following amounts of posterior pituitary -bke actlMtics were found per cc 1) 
anantidmreUoactivityequi\'alenttoles«lhan4mU posterior pituitary extract 2) 
a pressor activity equivalent to !«« than 2 6 mlJ postenor pituitary attract, 3) 
an oxytocic activity equi\ alent to 40 to 00 mU postenor pituitary extract which 
disappoared completely after treatment with 2N sodnun hydroxide 
The antenor pituitary growth hormone is extracted in an alkaline medium and 
the inacUvation of any postenor pituitory actiMtij may therefore be expected 
The results of the testa for antidiuretio and pressor activity agree with this 
oasumplion The oxj locio activity found was not due to a histamjne-hko 
factor (no depressor response inactivation by alkah) 

2 hrescone (Paines <t Byrne Ltd ) Ampoules containing 1 1 cc Makers 
dewnption Each 1 I cc contains growdli hormone from 2 gms of fresh anterior 
pituitarj Content of preservative not stated pH of extract 0 6 to 6 8 
Fourteen experiments with two batches of this prtjparation were performed 
No posterior pituitary liko acUMl> wmi found 
D Lactogenic Fraction 1 Pkysotadm (Ol<uro Laboralonee iJd ) Rubber 
capped bottle containing 16 cc of extract Makers descnption ‘ Active 
lactogenic pnnciplea of the pituitary Contains not leas than 00 Riddle-Bates 
units of prolactm In each cc Content of preservative 0 6% phenol pH of 
solution 8 0 to 8^ 

Twenty-eix experiments with three batches of this preparation were performed 
The lactogenic hormone or the anterior pituitary may be extracted m an add 
or an alkaline medium The present preparation wus found to be strongiv 
alkaline and contained no apprenable amount of postenor pituitary like ac 
tmty 




FlO *1 ASTIDIURETIC ACTlMTy or Ththooas Dktcti n 
I — rabbit No IS At 10 10 and 11 54 water stomflch lulu* /I — 0^ cc Th>Topnn 
(dilution 1 2 500) i \ jR — 1 0 mU posterior pituitar> ctlracl is C — 0 "JS cc Th> mean 
(dilution 1 2 500) i ^ II • rabbit No 19 At 10 12 and 11^ \sater b^ stomach tulic 
/> — 1 OmU postenor pituitarj extract 1 \ £ — 06cc Th>roRan (dilution 1 2,500) i \ 

A — 0^ cc Th> ropan (dilution 1 2 600) treated with 2 \ sodium h\droxidc i\ These 
results STjg^ffest an antidiuretieactuitj cquixalent to more than 7500 mil (r) ond to npproxi 
matclj lOtJOO mU (/f) postenor pituitarj extract per cc It was complcleK inactixatcd 
bj the treatment with alkali (A ) 



Fia 5 OxTTOcic Actimty of Thvrogax Batch II Ibolatfd I teri-b 
^ and C - 2 5 mU iwstenor pituitao extract B - 0^ cc Thj rogan (dilution 1 800) 
B-O^cc Th} rogan (dilution 1 1 COfJ) The results indicate nn ox>tocic nctmt> equi> a 
lent to more than 10 000 mL postenor pituitarj extract per cc 
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E Thyrotnyphic Fmdxo^i 1 ThymQan (The BrUtsh Drug Houm Ltd) 
Ampoules of pcRNder ^fakers deacnption ‘Antenor pituitary thyrotropic 
hormone Standardised biologically to contain 60 guinea pig iveight units m 



Fiov 0 PBEMoa Actititt or Thtbooak Batch I 
Sfiinal cut o « 60 mU poflcnor pituitary cxtwt I v .6 -• OAcr ThyroKon (undiluted) 
1 T Tho blcKKi prerrurp reaponeo com^rea with tbo typical triphoale effect of larjce doae* 
of pituitary (poatenor lobe) extract. ITw decreaae of Wood prr**ur« after the preliminary 
riae ia oanolly interpreted aa bein^ due to eorooary constriction 

each ampoule denved from 2 to 2 5 gm» of desiccated anterior pituitarj itub- 
stance. For intramuscular injection 

Thirt> expemnenta •mth four batchcn of thh preparation ttere performed 
The posterior pituitary Uko potency ^yaa found to t’ory conaidcrablj from batch 
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to batch However, there was reasonable agreement between the results of 
estimations of the nntidiuretic, pressor and oxytocic activities of any smgle 
batch The determination of the postenor pituitary-hke potency of the various 
batches gave the following results Batch I, activity equivalent to between 1600 
to 2000 mU /cc Batch II, activity eqmvalent to between 8000 to 10,000 
mU/cc Batch III, actmty equivalent to between 4000 to 8000 mU /cc 
Batch IV, activity equivalent to less than 1000 mil /cc It will be noted that 
the activitj of batch II approached or equalled that of the Pituitary (postenor 
lobe) Extract B P (figs 4 and 6) 

The bulk of the postenor pituitary-hke activities w as found to hax o disappeared 
after treatment with 2N sodium hydroxide The antidiurctic, pressor and oxy- 
tocic effects obsorv'cd were therefore likely to have been duo to a postenor 
pituitary-like substance Tins w as even more stronglj suggested by the effect 
of intravenous injections of larger amounts of the undiluted extract on the 
blood pressure of the spinal cat Such injections gave the typical picture of the 
blood pressure effects of a large dose of pituitarj (posterior lobe) extract (fig C) 
The prehminarj nse, the subsequent fall (commonly asenbed to a transient 
eonstnction of the coronary artenes. Van Dyke (7)) and the secondary, more 
pronounced, nse of the blood pressure w ill be noted 

2 Thyrotropin {Fames A Byrne, Lid) Ampoules of powder Makers’ 
descnption "The ampoules of powder each contain 100 guinea pig units of 
hormone from approximately 1 gm fresh Antenor Pituitary ” 

The supplj of this preparation was hmited to 6 ampoules The few (eight) 
axpcriments done suggested a negligible content of posterior pituitary-likc 
factors 

Discussion Complete separation of the postenor from the antenor pituitary 
lobe w ould seem to be difficult for anatomical reasons and the raw matenal for 
Anterior Lobe Extracts can therefore be expected to contain some postenor 
pituitary tissue The chemical processes used for the purification and fmctioni- 
sation of anterior pituitary axtract eliminate the postenor pituitary activities 
in most cases, but recently published reports (1, 2), on laboratory preparations 
and the results of the present investigation suggest that tins is not always the 
case and that occasionally postenor pituitary activaties may oven be concen- 
trated 

The identification of the posterior pituitary principles in commercial antenor 
pituitary extracts is clearly a difficult undertaking as it cannot be excluded that 
the other substances present in such preparations will interfere wath the estima 
tion of postenor pituitary activity This applies particularly to the estimation 
of oxytocic activity It seemed adv'isable, therefore, to test for postenor 
pituitary-likc potency by several methods Autogenous and non-autogenous 
substances which stimulate the uterus or raise the blood pressure or inhibit a 
water diuresis are known However, a preparation which exhibits all these 
three activities is likely to contain the postenor pituitary pnnciples A summary 
of the results of an mvestigation of nine commercial Antenor Pituitary extracts 
(or fractions of extracts) for postenor pituitory-hke activity are given in table 1 
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It Should be pointed out that the amounts oT poeterioT pitoitary-dike activity 
shovn in table 1 l^ave been found m li) oe or, in the case of a dry extract, in 
one ampoule of the anterior pituitary preparation Estimations of the antenor 
pituitary activities of these preparations were beyond the scope of this investi 
gatiom The relation of the concentrationa of poetenor pituitajy-hke to anterior 
prtmtaiy activity can, therefore not be stated 
In view of the agreements reached m Geneva in 1938 and the progrees 
in the purification of honnone fractions of the Antenor Pituitary Extracts made 
smee, it eeems likely that international standard preparations of Antenor 
Pituitary fractions will be daborated m the near future and that such substances 
•will be ultimately included m the pharmacopoeia. The laboratory reports 
mentioned and the results of the preeeni mveatigation suggest that estimations 
of poatenor pituitary-like activity should bo moluded in the pbannacopoeial 


TABLE 1 


1 

lUKx or mrjUMTrav 

roemnm nTomxT.uxx 
Mxirm m cc. Of 
oatemuL TwaAfATttm 
(DI (OOITAlDta 0* 
wunam or rmrmsy 
(roctuioa jxm) EErucs) 

wmooK 

uncr 

Anterior PitolUry Extract (P*rk« A Co ) 

40 to 100 

+ 

Anterior IHtUiUry Extrtet (Fiin«s A Byrne Ltd ) 

10 to 40 

+ 

Oonsdotrspbon (Psicc* A Byrne Ltd ) 

10 to SO 

— 

Bynspoitlin (Psr^ Btvlfl A Co ) I 

About 10 


Antoltrln Growth (Parke Darla A Co ) 

Ke^itible 

— 

Ereacone (Fainei A Byrne Ltd ) 

Neidlsible 

— 

PhyaoUctln (Glaxo lAboratoriea Ltd ) 

NefOilble 

— 

Thyroson (BntUh Drnc HooBtfl Ltd ) 

Up to 10,000 

- 

Thyrotropin (Fidnea A Bymc Ltd ) 

10 to 16 



Test for Punty*’ unless perhaps the process of preparation laid down has been 
shown to eliminate the posterior pituitary pnnciplee, 

SUlOLUtT 

1 Nine commercial preparations of Antenor Pituitary Extracts and their 
fractions -were in'vestigated for their posterior pituitaiy activity 

2 The oxytocic, pr wor and antidraretio activitica of each preparation -were 
tested. The resistance to 2N sodium Ig^ditaide of any of the postenor pituitary 
like factors found was determined 

3 Seven out of the nine preparations -were found to eontom nehgible amounts 
of poetenor pituitary activity One preparation cemtamed per co the equivalent 
of 40 to 100 mTJ of Ktoitary (posterior lobe) Extract. The poetenor pituitary 
like activity of another extract ■varied considerably from batch to batch, 
amounting m one case to the equivalent of about 10 units of Pituitary (posterior 
lobe) Extract per cc. 
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THE EFFECT OF TWO DIOXANE DERIVATIVES 883 AND 933F ON 
NORMAL DOGS AND ON ANIMALS WITH NEUROGENIC 
AND RENAL HYPERTENSION* 

R, J BINO Airo C B THOMAS 
Fnm (Aj Depcrtntnt of Htdtdtu the Johns Hopkins HospUal 
ReceiTed fcrr pQbUa&Uon November 3 1M4 

It has been shown m a previous communication that hypertension resulting 
from section of the buffer nervea m tho dog la the result of excitation of tho sym 
pathetic nervous system (1) Accordingly substances which decrease the ac 
tmty of this system should bo offocUve in reducing the blood pressure of ani 
mala with neurogenic hypertension A senea of compounda which inhibit the 
stnicturea innervated by adrenergic nerves have been described (2) Among 
these the denvativea of dloxone ffrst aynthealxed and desenbed by Foumeau 
(3) are notable since m small but atiil effective quantities their toxicity appears 
to bo low (4) 

The effect of two of those Fourneau compounda 883 and D33F, both deriva 
tlves of dioxane on aneatbetised normal dogs has been deaonhed by Fourneau 
and Bovet (3) These investigators noticed a fall m blood pressure foBowmg the 
intravenous iniection of those compounds. Handovsky, on the other hand, 
reported that tho mjeetkm of 883F bto unaxiestbeUred animals resulted m a 
alight run In blood preesure (5) Bovet and Simon were unable to notice any 
effect of S83F cm tho blood pressure of the unaneethetired normotenaiin ani 
mal (4) 

The action of these dioxancs on carotid sinus reffexes was studied by Vleesoh 
bouwor who found that they wrtaVoned the pressor reflex elicited by occlusion 
of the common carotid artery and decreased the depreeeor reflex produced by 
stimulation of the smus nerve (0) Heymans and Bouckaert observed that the 
mjectiOE of from 6 to 10 mgm of 933F into unanesthetued dogs with chronic 
neurogenic hypertension resulted m a decline in blood pressure which lasted for 
several mmutoe (7) 

The present paper deals with an Investigation of the hemodynamic alterations 
caused by these dioiano dcnvativoe, 883 and 933F in normal dogs and in ani 
mals with chronic neurogenic hypertension Ihanks to the kmdneee of Dr Harry 
Gddblatt, the effects of 883F on tho blood pressure of animals with renal hyper 
tension could be mcorporated m this report. 

xxn iccTHOss. A total of Cfty^fire experiments vu performed on tnlve 
unepeffthetUed ixirmoteofiTa dosa and on six enimaU made bypertenaire by leothtslnc of 
tbe moderator oe i v ei (8) Blood preaenre reeorda were taken from the femoral artery 
witb tbe Hamilton manometer The eanUae oatpnt was determined by meana of tbe Flek 
principle according to tbe technique described la a recent cocnmanlcatlon (1) The total 

peripheral retirtanco waa calculated according to the formula (B) 

^ Thb vork vai supported by a crant from the Commonwealth Fund 
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This fomrnla cxpresaea the loss of pressure head in the circulatory system in absolute 
units, one unit representing 1 dyne cm "‘/sec As the total peripheral resistance expresses 
the resistance to flow m the entire vascular tree, its deviations from control levels permit 
no conoIuBions on the localization of those changes 

From 2A to 6 mgm per kilogram weight of the compounds was dissolved in 10 cc of 
normal saline and injected into a leg vein over a period of 1 minute The infusion flmds 
were prepared by dissolving from 2£ to 6 mgm per kilogram weight of the dioxanes in 
from 100 to 160 cc of normal saline This dosage was selected since it had been used by 
Bovet and Simon (4) and by Foumcau and Bovet (3), who found the toxicity within this 
range to bo low The rate of infusion into the leg vein varied from 2M to cc per min- 
ute In thirteen instances the drugs were given by month In these cases, 200 mgm of 
the powdered compounds were enclosed in gelatin capsules and fed at half hour intervals, 
and the blood proasuro and the heart rate were recorded at30-nunuta intervals The total 
oral dosage varied from 40 to 100 mgm per kilogram weight This wide range was chosen 
in order to obtain possible information on the toxicity of the orally administered com- 
pounds 

The greatest dilliculty in evaluating the clloct of the Foumcau drugs on dogs with ex- 
perimental neurogemc hypertension resulted from the instability of the blood pressure of 
these anunala (8) Consequently, three control experiments were performed, in which the 
action of the intravenous infusion of normal salt solution on the blood pressure of animals 
with neurogemc hypertension was studied The depressor ctfect of adrenaline, which has 
been observed after the administration of Foumeau compounds (3), was used in order to 
ascertain whether or not the dioxanes wore responsible for the hypotension which followed 
their oral administration Five cc of an epinophnne solution (1 50,000) were injected 
into the leg or ear vein after from 6 to 800 mgm of the dioxano had been Injeoted A fall 
in blood pressure following the injection 6f the adronahno solution was considered as evi 
dence of the activity of the dioxane donvativos 

I ExPEiuMEtm "WITH 933p The Effect of the Injection and Infusion of 9SSF 
on Normal Animals In three expenments the effect of the intravenous injec- 
tion of from 2 5 to 6 mgm per kilogram weight of 933F on the blood pressure 
of normotensivo dogs w as mvestignted As scon m table 1 , the injection resulted 
in a shght rise m blood pressure of from 6 to 30 mm Hg, occumng 2 to 3 mm 
utes after the onset of the mjection In every mstanco the elevation of the blood 
pressure was accompanied by a marked mcrcase m the heart rate of from 120 
to 160 beats per mmute These experiments confirmed the results of Handov- 
sky, who observed that the mjection of 933F mto unanesthctized dogs was 
followed by a rise m blood pressure (6) 

933F was infused mto normal dogs m six experiments Table 2 demonstrates 
that the blood pressure remamed unchanged both dunng the infusion and for 
40 mmutes followmg it The pulse pressure rose slightly, with the exception of 
one experiment (#14, 0/13/44) m which it fell 28 mm Hg The heart rate 
mcreased an average of 100 beats per mmute dunng the infusion Slight saliva- 
tion was the only toxic symptom present dunng the infusion 

Hemodynamic alterations were followed m three experiments As seen m 
table 2, the mmute volume rose slightly m one mstance, remammg constant 
m the rest of the expenmonts As the systolic discharge fell, the cardiac output 
was mamtamed at control levels by the morease m the heart rate The total 
penpheral resistance remamed unchanged, mdicatmg that no changes m the 
resistance to flow m the vascular tree had occurred 
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The Effect Oie Oral Atiminwiraiian of 9S3F on Normoiensw AnimaU In 
Uiree cascs^ 800 mgm of 933F were fed to anirnflla with normal blood preesore 
(table 3) After ingeatjon of from 600 to 800 mgm of the drug, the blood pree- 
miro fell dightly, while tho heart rate mcreased an average of 130 beat* per 
mmute. During this period the injection of epinephnne (1 60/X)0) produced a 
fall m blood preflsuro ranging from 40 to GO mm Hg Iho tachycardia peraisted 
over penoda ranging from 1 to 3 houra ToxIg aymptoms were not present In 
inim^ f 18 and $ 18 Dog f 14 vomited twice during the experimental 
penod but showed no other eigna of toxicity The results obtained on the car 
dlac output dunng the mfusdon of 033F made it probable that the increase m 
the heart rate o b ser ve d during the oral administration of 933F was an Impor 
taut factor in the maintenance of the cardiac output and the blood pr es sure 


TABLE 1 

Sfftet of tht injtcUon of 6S9F tnio norvtal dof$ 



uxx or 

laomn 0 * otoQ 



1 Aim DiJECm 


Hcn 

1 lOcc. lum 


rtmo 

1 

At km*t 
bkiod pnmn 1 

Atklfbut 
blood prill 

14 

[fi/Bl/44 

73 9 mem (6 
mgm. per 
kBo) 

Blood ProMttro 
Hflsri Rate 
BjstoUo/DUstoUe 

146 mm, Hg 
160 

234/140 

wm.Bt 

160 (3.6) 
370 

2 U /112 

mm Ei 

IBO (3)* 

160 

290/135 

14 

1 

9/S0/44 

36.Smgim ( 2 Ji 
mgm p«r ' 
kno) 1 

Blood PreMure | 
Hotrt Bate 
BjttoliQ/DlutollQ 1 

90 mm Hg 
90 

200/93 

130 (3)* 
210 

200/86 

165(7) 

160 

222/74 

IS 

fl/30/44 

43^mgm. (3A' 
mgm per 
Hlo) 

Blood Prenere 
Heart Hate 
87 «toUe/I>UsioIlc ' 

120 rom. Hf 
60 

192/83 

160 ( 2 A)* 
310 

238/50 

140 (B) 

120 

280/74 


Koinber of ndnitte* aftsr the tdmlniftratloo of the drat. 


Re*vUe Oblaxncd tnfA the IryjecUon and /r\ftmon of 9S5F into Ammale with 
Expenmenial Neuroffcmc Hyperiensum The effect of a single injection of 
from 45 to 100 mgm of 933F was recorded in five hypertensive ^TitTnftbi, Table 
4 demonstrates that within 1 to 2 minutes aftor the injection there was a rapid 
dechno of the blood pressure amountiDg to an average of GO Trim. Hg 'Dus 
hypotensive effect persisted for from 5 to 16 minutes Bxmultaneouriy the heart 
rate increased an average of 110 beats per mmute returning to its control n'bIuo 
10 to 40 minutes later Toxic symptoms were not observed Tho fall in blood 
pressure obsorved in these experiments differentiates the action of 033F in 
hypertensive ammals from that recorded m normal dogs in which 933F failed 
to affect the blood pressure 

The infusion of G33F, performed In three cases (table 6) was responsible for a 
fall in tho blood pressure and a rapid nse in tho heart rate immediately following 
the onset of tho infusion. This hypotensive penod however lasted only from 





TABLE 2 

The effect of the infusion of SS3F into normal dogs 
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Number of minutcB after start of the infusion 



TABLE 3 


TAf ^«C of eml admtrt£«(raiMm of $S3F on nomol tiof* 



““ 

IMOmUHaSTtB 

9m 

m 

■KAXTKMK 

KUHomacnx 






*«. Bf 

14 

w« 

Control 

1 40 

106 

155 



400 mym 

1 46 





200 

2 10 

100 ' 

160 



200 zQpn 

2 40 

160 

160 




3 10 

210 

180 




4 30 

1 

130 

13 

8/4/« 

Control 

1 &0 

i 100 

120 



400 mgm 

1 &5 





200 tpgm 

2 25 

M 

IX 



200 mgm 

2 S5 

1 126 

IW 




8 25 

168 

IX 




4 35 

1 250 

80 

18 

turn 

Control 

2 00 

02 

140 



400 mgm 

2 05 





200 Tggm 

2 85 

06 

140 



200 mgn 

8 05 

120 

115 




3 80 

220 

05 



1 

4 45 

ISO 

IX 


TABLE 4 

Sfttl of tXo tnjoeiton of QS5¥ inio kvportonoho dogi 



UtBOT 

moowt or extra 
Txjtxsa Dl 10 cc. 
um 



Aj^D njeuiaui 


Kin 


^auM> 

At hiut 
DKcdprtann 

AtUcJmt 

bhed iMUMt 

2 

5/^/44 

180 mgm (5 
mgm per 
kilo) 

Blood Frecntre 
Heart Rate 
BjstoUe/IHaaUdie 

176 mm. Eg 
150 

274/169 

125 (2)* 
280 

vnnm 

M. Bt 

205 (7.5) 
IX 

340/lX 

7 

5/30/44 

105 ngm. (6 
mgm per 
kilo) 

Blood Preeaore 
Heart Rate 
Syitolie/Diaciolie 

180 mm Hg 
210 

278A47 

as p) 

260 

176/86 

210 (6.5)* 
IX 

385/lW 

8 

!/!!/« 

106 mgm (5 
mgm per 
kilo) 

Blood Prennre 
Heart Rate 
STttoIie/Dlavtolie 

IX mm Hg 
150 

270/176 

IX (1.5) 

IX 

lX/85 

IX (15) 

IX 

206/lX 

2 

</I3/« 

45mgm (2JJ 
mgm per 

kilo) 

Blood Piewme 
Heart Hate 
ByitoUo/DUatollc 

185 mm Hg 
180 

273/143 

124(1) 

270 

212/08 

2X (6) 

210 

SX/IX 

7 

6/24/44 

52^ mgm 
(2A mgm 
per kilo) 

Blood Pieaeure 
Heart Rate 
Syttollo/Dlaslollo 

185 mm Hg 
130 

255/125 

no a)* 

240 

140/84 

IX (30) 

240 

240/lX 


NombeT of mlijute* alter the admlnlitration of the dmi 
S6 
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2 to 6 minutes, and was succeeded by a hypertensive phase of from 10 to 20 
minutes' duration Dunng this period the blood pressure rose and the heart 
rate remamed elevated This second phase was succeeded by a third one, oc- 
currmg from 30 to 40 nunutes followmg the onset of the infusion, dunng which 
the blood pressure and the heart rate gradually declmed The hypotension 
piersisted for an average of 40 mmutes before retummg to its control level The 
toxic symptoms observed dunng the infusion were not pronounced, they con- 
sisted m a moderate degree of sahvation and a slight mcrease m the respuatoty 
rate 

The hemodynanuo changes occumng dunng this prolonged state of hypo- 
tension charactenzmg the third stage, are illustrated m table 6 Sunultaneously 
with the fall m blood pressure and the slowmg of the heart rate, there occurred 
a decrease m the pulse pressure, in the mmute volume, and m the e}^toho 
discharge, while the difference m the oxygen content between the artenal and 
the mixed venous blood mcreased The total penpheral jesistanco declmed 
m every instance These results contrasted with those observed dunng the 
infusion of 933F mto normal dogs, m which the blood pressure remamed con- 
stant, and the heart rate rose It was apparent from these experiments that 
the fall m blood pressure produced by the infusion of 933F mto animals with neu 
rogemc hypertension was the result of a dechne m the cardiac output, combmed 
noth a fall m the total penpheral resistance 

Observahona on the Oral Administration of 9S3F in Animals with Neurogenic 
Hypertension 933F was administered orally to three hypertensive dogs m 
doses rangmg from 1 to 1 2 gm (table 6) After from 0 6 to 0 8 gm of the drug 
had been given, the blood pressure decreased, roachmg normotensive levels m 
from 1 to 2 hours Dunng this penod, the heart rate declmed an average of 40 
beats per mmute The blood pressure as well ns the heart rate returned to then 
control levels m from 2 to 3 hours after the last dose of 933F had been admmis 
tered It was characteristic of this hypotensive phase that fluctuations of the 
blood pressure, which were usually encountered m qmmals with neurogenic 
hypertension, ceased, and the blood pressure became stabilized Epmephrme 
mjections (1 60,000) resulted m a dechne m blood pressure of from 40 to 60 
mm Hg Toxic signs observed dunng the oral administration of 933F consisted 
in a moderate degree of sahvation, which was observed m two animals In 
addition, these two animals appeared to be listless and apathetic As the drug 
was given for a penod rangmg from 2 to 4 hours only, no information concerning 
Its effect on prolonged administration was available The results obtamed with 
both oral and mtravenous administration of 933F demonstrated, therefore, 
that this compound effectively lowered the blood pressure of animals with 
chrome neurogemc hypertension 

II Experiments with 883f The Effect of the Injection and Infusion of 88SF 
on Normotensive Dogs The effect of the mtravenous mjeotion of 883F on the 
blood pressure and the heart rate of normal animals was studied m six expen- 
ments Table 7 demonstrates that from 2 to 5 mmutes followmg the onset of 
the injection, the blood pressure fell an average of 16 mm Hg Simultaneously , 
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the heart rate rose from 100 to 150 per cent of its control value Toxic symp- 
toms were absent durmg and following the mjection 
The influence of the infusion of 883F on normotensive dogs was studied in 
four expenmenta (table 8) In every instance, a slight dechne m blood pressure 
was noticeable, the effect persistmg for a penod of from 29 to 00 mmutes The 

TABLE 6 


The ejjeel of oral admtnulralton of BSSF on hvperlenttve dogs 


Doa j 

DATE 

1 

AMOCTHT IKOCfTEO 

9i3r 

roa 

lECAST KATE 

KLOoo raxnutK 






tm Bt 

2 

7/28/« 

Control 

10 30 

180 

180 



200 mgm 

10 40 





200 mgm 

11 10 





200 mgm 

12 10 

172 

145 



200 mgm 

12 30 





200 mgm 

1 05 

180 

135 



200 mgm j 

2 40 

128 

125 




3 10 

168 





5 10 

190 

176 

3 

7/28/44 

Control 

10 60 

184 

200-160 



200 mgm 

10 65 





200 mgm 

11 22 





200 mgm 

12 30 






1 00 

160 

190-170 



200 mgm 

1 05 





200 mgm 

2 10 

180 

130-140 




3 00 

122 

116 




4 65 

130 

160-145 




8 30 

Next day 

120 

130-180 




11 00 

188 

200-160 

3 

7/20/44 

j Control 

10 25 

240 

200 



1 200 mgm 

10 30 





200 mgm 

11 00 






11 25 

180 

180 



200 mgm 

12 46 


160 


1 


2 46 

140 

165 


heart rate rose from 60 to 150 beats per xnmute All four anunals showed m 
creased salivation toward the end of the infusion 

Changes in cardiac output, systoho discharge, and the total penpheral re 
sistanco were followed m three instances Table 8 demonstrates that, together 
with the fall m blood pressure, the systolic discharge fell, to more than 60 per 
cent of its control value As the heart rate mcreased an average of 110 beats 
per mmute, however, the rmnutc volume fell only shghtly (table 8) The total 
penpheral resistance did not change m two expenments, but declmed m a third 
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These expenmcnts reveded that the hemo dynamic alteratxons caused by the 
infusion of 883F mto normal ftnimalfl ttot© BimSar to those observed during the 
mfoHiQn of 933F In both cases the sysloUc discharge declined but the mmute 
vohnne was maintained by an increase in the heart rate. 

The Effect of the Oral Admtntsiroium of 88SF tn Normal Doge Sec hundred 
mgm of 883F were administered orally to three normotensive ammala over a 
penod of from 30 to 60 minutes (table 9) In each experiment the changes -were 
shnilar to those observed durmg the infusion of that compound. Snnultane- 


TABLE7 

Effect oj tfijecticn cf iSSF into nomaX degn 



BA71 or 
umv 
rarr 

AMtmn ta nrao 



ATmixjacimr 

Tznoo 

1 

PGSi 




U«r«7IC«) 

1 


mm.Bt 

mm,nt 

10 

2/16/44 

65 mem tn 10 

Blood Preaaare 

1 106 

«(!)• 

100 (6)* 



CO oallne 

1 Heart Rata 

1 79 

143 

143 




ByiioUe/DiastoUe 

178/84 

178/88 

178/80 

4 


70 mgim In 10 

Blood Pieaeore 

110 

81 (8)* 




CO laUne 

Heart Rote 

120 

165 




1 

BjvtoUo/Dlaatolie 

162/90 

141/60 


U 

2/31/44 

67.8 mgm la 

Blood Preaittre 

12S 

106 (IJ) 

us (8) 



10 e« laliaa ' 

Heart Rate 

no 

220 

140 




Byvtolie/DlaatoOe 

204/126 

148/93 

201/135 

0 

3/a/M 

106 mgm In 

Blood rremnre 

87 

«(» 

ei (8)* 



10 CO aalioe 

Heart Rnte 

186 

340 

240 




BTitoUe/DUstolie ' 

163/76 

86/44 

122/51 

0 

J/7/44 

60 mgm LnlO 

Blood Preflcore 

123 

108 (3) 

140 (20)* 



CO lallne 

Heart Rate ' 

170 j 

200 

300 




BjetoUci/DiaatoUe 

187/100 

178/89 

310/110 

8 

B/30/44 

45 mgm in 10 

Blood Prewme 

124 ! 

no (6) 

125 (20) 



on. amline 

Heart Rate 

120 

240 

190 




Byttol k/ZHsatoUe 

223/118 

212/113 

235/105 


* Ntnnber of miautei after adminktratlao of the drac 


ousiy with a shght fall In blcK>d pressure of from 10 to 43 mm Hg the heart 
rate mcreased an average of 110 beats per minute the nse perastmg for several 
hours In every instance the irdeotion of epinephrine (1 5Q/)00) was followed 
by a fall in blood pressure of from 40 to 60 mm Hg One of the ftnbnftlH vom 
ited after 400 mgm of the drug had been ingested No Undo i^ymptoms were 
noticeable in the remainder of the ammalg 

Obiatned teith the Injection oaui Irifimon qf 88SF tnlo Animala vnih 
Expenmenial Neitrogcnte Hypertention In sec cases, 6 mgm per kDogram 
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Number of minutes after start of the infusion 
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•we^it of 883F ■were injected into dogi with neurogenic hypertension Table 
10 demonstrates a fall m blood pressure of from GO to 120 mm Hg, the lowest 
values being reached in from 3 to 7 minutes The fall in blood pressure was 
accompanied by an mcrease m the heart rate averagmg 70 beats per minute 
It was evident, therefore, that the mjecUon of 883F mto hyiKatensive animals 
resulted in a significant fall In blood pressure and an mcrease m the heart rate 
The results of the mfurion of 883F mto five hypertensive animals were sunilar 
to those obtained with 033F Shortly after the onset of the Infusion the blood 
pressure fell and the heart rate increased an average of 90 beats per minute (table 


TABLE 9 

Th» tjf«d 9 f oral odninUtnHon ef 8SSF on normal dog$ 


>oo 


iwirr menus 

m 

■xnr wx 

ueoe nmon 






mm. St 

14 

7/80/44 

1 Control 

i 10 60 

185 

140-160 



1 400 mpn. 

11 GO 






11 SO 

100 1 

130 

1 


200 mpn 

11 S6 






U 10 

200 

145 


i 


1 40 I 

240 

12S 




6 OO 1 

lOO 


18 

7/30/44 

Control 

11 00 

120 

no 

1 


400 m^KL 

11 05 






11 40 

100 

no 

1 


200 mpn 

11 45 






12 20 

185 

100 




1 45 

100 

115 




5 00 

100 


18 

7/80/44 

CoQtr^ 

11 20 

72 

140 



400 mcm 

U 25 






12 00 

120 

158 



200 

12 06 






12 85 

100 

116 




1 55 

100 

116 




5 00 

80 



II) This first hypotensive phase lasted for periods ranging from 10 to 25 rnm 
utea and -was succeeded by a nso In blood pressure of from 16 tO/30 mmutes 
duration, the heart rate remaining elevated From thm on the blood pressure 
declined again, remaining at normal or h 3 rpotenaive levels for over an hour In 
one animal (56) -which had received a total of 670 mgm af8S3F the blood pres 
sure continued to fall and the dog died 00 mmutes after the infusion had been 
discontinued 

The hemodynamic alterations durmg this delayed hypotensive period ware 
similar to thow produced by the infusion of 933F (table 11) The heart rate, 
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the minute volume, and the syetobc discharge decreased The difference be- 
tTfeen the ovygen content of arterial and mixed venous blood rose significantly 
m two exjienments, remauung unchanged m the remamder The total penph- 
eral resistance fell m one case, mcreased shghtly m another, and remamed 
constant in a third instance It was apparent, therefore, that the mfusion of 
883F, as well as that of 933F, resulted m a biphasic fall m blood pressure Ap- 
parently the hypotensive phase occumng at the end of the infusion was the 


TABLE 10 

EJfecl of injection of 88SP tnlo hypertensive dogs 



DATE or 

AUOITITT Of DtOO 


DOliNO coirrtoL 

ATTE* IHJECnOir 


KDCT ' 

IKJECTZD 


rauoo 

At Icnrest 
blood preifore 

At hitbest 
blood prtMnrt 

2 

1 

2/16/44 

(5 /kUa } 

105 mgm in 
10 cc saline 1 

Blood Presaure 
Heart Rato 
Syetolio/Diaatolio 

190 

162 

288/162 

IRM Ilg 

119 (7)* 
202 

188/84 

nm Eg 

188 (12)* 
210 

288/160 

7 

2/22/44 

100 mgm in 
10 cc aaline 

Blood PrcBsurc 
Heart Rato 
Syetolic/Dinalohc 

100 

240 

251/122 

62 (6)* 
300 

80/37 

165 (8)* 
300 

222/90 

5 

3/ 7/44 

65 mgm in 10 

i cc eahne 

1 

Blood Pressure 

1 Heart Rate 
Syetolic/Diastolio 

171 

180 

242/162 

no (4)* 
240 

247/105 

168 (8)* 

180 

247/105 

5 

3^1/44 

i 

1 66 mgm in 10 
CO Baline 

I Blood Pressure 
Heart Rato 
SystoUc/Diastoho 

188 

240 

312/165 

108 (3)* 
800 

167/72 

135 (10)* 
300 

222/120 

7 

3/17/44 

100 mgm in 
10 CO eahne 

Blood Pressure 
Heart Rato 
Systolio/Diastolic 

200 

250 

120 (3)* 
290 

140 (12)* 
200 

3 

13/24/44 

1 

84 mgm in 10 
cc saline 

Blood Pressure 
Heart Rato 
Systolic/Diastolio 

194 

180 

270/140 

65 (3 0)* 
240 

94/60 

189 (7J)* 
180 

210/130 


• Number of mmutes after admimatrotion of drug 


result of a decrease m cardiac output m conjunction with decreased or constant 
total peripheral resistance 

The Effect of the Oral Administration of S83F on Hypertensive Animals In 
four experiments, 883F m doses rangmg from 0 8 to 1 4 gm was given orally to 
pnimnlH with neuTogemc hypertension The total dosage was distnbuted over a 
penod of from 1§ to 4J hours Table 12 shows that the blood pressure declined 
an average of 76 mm Hg followmg the mgestion of from 4 to 800 mgm of the 
drug In every instance, the heart rate decreased while the blood pressure fell 
Five hours after the last dose had been given, epmephrme (1 50,000) caused a 
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fall in the blood pressure of from 60 to 60 mm Hg In one animal, severe toxio 
63 miptonis consisting m vomitmg and mcraased respiratory rate, appeared after 
the ingestion of SOO mgm of 883F Dtirmg the height of the tone reaction this 

TABLE 12 


The ejfect of oral odmimetralton of SS3F oa ht/pertennve dogi 


DQQ 

BAIT 

Avocin- DroxrrxB 
SSJr 

TOQt 

VXWtXKTt 

stooD nxsamx 






mm Hf 

3 , 

7/31/44 

Control 

11 16 

180 

165-200 

j 


200 mgm 

11 20 



j 


200 mgm 

11 45 





400 mgm 

12 30 

180 

190 

i 



2 00 

128 

100-110 

] 



3 35 

160 

130-140 

1 



4 45 

100 

140-160 


1 


6 46 

163 

150-160 

7 

7/20/44 

Control 

10 16 

200 

200-140 
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200 mgm j 

10 30 




1 

200 mgm ! 

10 65 




1 

400 mgm 

11 45 

200 

160 


1 

1 

12 46 1 

180 1 
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3 00 
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160 
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4 00 


180 
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Control 

n 05 
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180-166 



200 mgm 

11 07 





200 mgm 

11 36 





400 mgm 

12 40 

! 172 

145 



400 mgm 

2 30 

200 

165 



200 mgm 

3 20 

1 110 





4 16 

! ISO 

1 105 




6 30 

162 

i 186 




6 30 


176 

7 

7/31/44 

Control 

10 56 

160-180 

180-140 



200 mgm 

11 00 





200 mgm 

11 30 
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12 10 

172 

136 



200 mgm 

12 16 





200 mgm 

2 80 

160 





4 30 

200 

116 




5 IS 

190 

120-140 




6 35 

168 

ISO 




6 30 


160 


animal appeared listless and apathetic In the renpnnmg three dogs tone 
symptoms were not observed Although alterations m the cardiac output and 
the total penpheral resistance were not followed in these experiments, the as- 
sumption might be ventured that the fall m blood pressure was the result of a 
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decrease m the cardiac output This condoidciii was supported by the obeerva 
tion tbat the heart rate of the hypertensive animal decreased during the ad 
ministration of the drug 

The /n/uston of Scltne tnio Antmalt with Neicrofftmc Hypaiontum Since the 
poaeibflity existed that the hyjwtenaive effects observed during the admin istra 
tion of the dioxancs represented normal fluctuations in the blood pressure, which 
were commonly encountered In atdmale with neurogenic hypertension (8) 
three experiments were performed m which the effect of the infusion of 160 cc 
of normal saline was investigated. As seen in table 13, a slight fall in blood 
pressure of from 16 to 30 mm Hg oomirred during the infusion of the Balino 
solution This fall, however was leas marked than that observed during and 
follovnng the infusion of the dioxane derivatives The blood pressure during 
the mfosioQ of saline fell for a period of 4 to 6 mmutes only In contrast to the 


TABLE IS ^ 

of o/ mIiiu {ft(o Air7Mrl«itm« dog* {nU cc,/inin ) 
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m^Bi 
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1 6/10/41 

IBO 

Blood Preaore 

ISO mm Hf 

190 (16) ! 

190 (20) 




Heart Rate 

180 

180 

186 




Sjvtolio/DUetoUe 

2Se/151 

271/1» 

275/160 

12 


16Q 

Blood Pressure 

18Q mm Ha 

160 (20) 

214 (24) 

1 



Heart Rate 

340 

zm 

210 




SyatoUe/DiaetoUe 

260/162 

20i/I40 i 

306/182 

7 

6/M/41 

160 

Blood Ficjsme 

160 mm. Hg ' 

146 (20) 

214 (23) 




Heart Rate 

ISO 1 

180 

180 




SyitoUe/IXaetolie 

216/128 

180/106 

2D0/U5 


Number of mlautet after the admioUtrsUon of the drag 


faypotoiBion produced by the dioxane derivatives, which persisted for at least 
40 minutes- It was apparent, thereforo that the decline of the blood pressure 
observed during and following the mjection and mgestion of 883 and 033F 
was not caused by normal fluctuation of the blood pressure but was the result 
of the dioxanea on the circulatory system 
The AeUon of 883F on AniTnala Renal HypeTiennon Thanks to the co- 
operation of Dr Harry Qoldblatt the effect of the injection and the infusion 
of 883F into do©! with renal hypertension could bo incorporated m this report 
The technique employed by Dr Goldblatt was identical with that need m the 
expeiiments reported above 883F was injected in doeage of 6 rngm. per kilo- 
gram weight mto two animals with renal loTsertensioa. No change in the blood 
presBUTO occurred during or following the injection. Toxic symptoms were 
entirely absent In another series 6 mgm of 883F per kilogram weight were 
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dissolved in 160 cc of saline and infused into two dogs with renal hypertension 
at a rate of 2 5 cc per minute In both cases, a shght but significant elevation 
of the blood pressure, rangmg from 20 to 25 mm Hg , and an mcrease m the 
heart rate averagmg 100 beats per mmute, were observed These results demon- 
strated that the mjection or infusion of 883F mto animals with renal hyper- 
tension failed to elicit a fall m the blood pressure They contrast ivith those 
obtamed on animals ivith chronic neurogemc hypertension, m which the ad- 
ministration of 883F produced a marked reduction of the blood pressure 

Discussion The experiments reported in this paper show that the mjection 
of 933F mto normal animals produces a shght rise m the blood pressure and 
an mcrease m the heart rate, changes which have previously been desenbed 
by Handovsky (6) This tachycardia has also been desenbed by Katz (10) 
The infusion of this compound has no effect on the blood pressure, but produces 
a marked tachycardia The oral administration of 933 and 883F, as well as 
the rejection and the infusion of 883F, ehcit a slight faU re the blood pres- 
sure and a significant increase in the heart rate of normotensive animals The 
hemodynamic changes produced by the infusion of these dioxanes mto normal 
animals consist re a moderate fall of the mmute volume, and a decline re the 
systohe discharge After the infusion of 883 and 933F, the total penpheral 
resistance does not change except re one instance, in which it falls followmg 
the administration of 883F 

The action of the Foumeau drugs on normotensive animals differs from that 
observed m animals with chrome neurogenic hypertension In dogs with neuro- 
gemc h3Tjertension, the injection of 883 and 933F is followed by a marked fall 
re the blood pressure, accompanied by an increase re the heart rate Similar 
observations have been made by Heymans and Bouckaert (7) Hypotension 
and tachycardia are also present during the early stages of the intravenous 
infusion In these cases, however, the fall re blood pressure is followed by a 
rise, and finally toward the end of the infusion by a dechne in blood pressure 
and the heart rate The hemodynamic alterations during this delajed hypo- 
tensive phase consist m a fall re the minute volume and re the systohe discharge 
The total peripheral resistance dechnes after the infusion of 933F Following 
the infusion of 883F, it decreases m two coses, rises shghtly re another, and 
remains constant in a fourth instance IVhen the drugs are administered 
orally to animals with sectioned moderator nerves, tachycardia and a rise of the 
blood pressure above its control values are not observed After regestion of 
from 0 4 to 0 8 gm , both the heart rate and the blood pressure dechne 

These studies reveal that m the normotensive animal the cardiac output is 
maintamed by an increase re the heart rate In animals with chrome neuro- 
gemc hypertension, however, the heart rate decreases toward the end of the 
infusion, consequently the minute volume of these animals falls It is impos- 
sible to ascertam from the experiments reported m this pajier whether these 
cardiac changes are caused by the action of the dioxanes on the vasomotor 
center or on the heart muscle The work of Handovsky indicates that the nse 
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In blood pressure and the Increase m the heart rate is caused by central stimu 
lation (6) Tbo findings of Yleeschhouwcr and Heymans suggest that the de- 
pressor action obsen'ed in dogs with chronic neurogenic hypertension also re 
suits from direct action of the durranes on the vasomotor center (6) 

The results obtained m control experiments in which normal wftlmw is mfusod 
instead of the dioxane preparations indicate that the fall in blood pressure which 
follows the administration of the dioxanea a the recruit of these substances and 
does not reproeent normal fluctuations in pressure, which are commonly en 
countered m neurogenic hypertensloa This conclusion is further substantiated 
by the foUmving observationa (1) that the hypotension which follows the ad 
ministration of 883 and 933F peraists for periods ranging from 3 minutes to 
several hours, and (2) that excitatory stunuli, such as repeated puncture of tho 
femoral artery fail to reestablish the hypertensioiL In contradistinction 
normal fluctuations of the blood pressure in animals with severed moderator 
nerves are of short duration and the slightest excitatory stimulus is usually 
sufficient to raise the blood pressure (8) The reversal of the adrenaline effect 
obeerved following oral administration of the 'Fourneau compounds mdicates 
that the drugs are also active when they are administered by mouth. 

It is uncertain at the present moment whether 883 and 933F possess any 
value in the treatment of essential hypertenalon The experiments reported 
in this paper as well as the work of (10) and that of Bovet and Simem 
(4) show that 883 and 933F are highly toxic when they are administered m large 
doses When given m smaller etfll effect!^ quantities, however their toximty 
is slight or absent The present obsorvationa show no toxic symptoms after 
ringle mtroveoous injeetions of from 2.5 to 8 mgm of either oompound. BU^t 
salivation and a moderate Increase m the respiratory rate are noUceaUe during 
and followmg the infusion of from 50 to 00 mgm of both compounds Dunng 
oral administration occosionai vomitmg occurs and some of the Anlmalii appear 
to be listless and apathetio Other dioxanes Incduding 1071 and 1072F whose 
central action is small (4), have little effect on the blood preasure of dogs with 
chronic neorogonio hypertension (11) 

The increase in the heart rate which occurs during sin gle injeotions and at tbo 
onset of intravenous infusions, however, constitutes a senous objection to the 
parenteral administration of these compounds. Since tachycardia is absent 
after oral ingestion, this route would seem to be the method of choice for the 
administratkm of 883 and 933F in man. 

The expenments of Dr QoldWatt, which rea-eal that 883F fafls to lower the 
blood pressure of animals with renal hypertension snggest the possible use of 
dioxane derivatives and other related compounds in tho differentiation of hyper 
tension of neurogenic from that of renal origm m man. Such a differentiation 
Is at present only poesiWe by arresting the sympathetks outflow through spinal 
block (12) The use of tho Fourneau substances or rimtlAr compounds roight 
possibly furnish additional infonnatlon on tho subject, which is of great elm 
ical and theoretical Importance 
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eomiAKT 

1 The efifect of the intravenous injection, infusion, and oral administration 
of two dioxane denvatives, 883 and 933F, on normal unanesthetized dogs, and 
on animals with chrome neurogenic hypertension, was studied In addition, 
the action of 833P on animals with renal hypertension was observed 

2 In the normal anrnial, the injection of 933F produced transient hyperten- 
sion , the infusion of this compound was ivithout effect on the blood pressure, 
while Its oral administration resulted m a shght fall The heart rate mcreased 
after both mtravenous and oral administration 

3 The rntravenous mjection and infusion of 883F mto normotensive am- 
mals as well as the oral mgestion of this compound, was succeeded by a shght 
fall m blood pressure and by a significant mcreasc m the heart rote 

4 The hemodynamic changes observed m normal animals dunng the infu- 
sion of 933 and 883F, consisted m a declmc of the systohe discharge and an 
increase m the heart rate the mmute volume was mamtamed or fell only shghtly 
The total pcnpheral resistance rcmamed unchanged 

5 In animals with chrome neurogemc hypertension, the injection of 883 and 
933F ehcited a transient fall in blood pressure and an morease m the heart rate 
The infusion of these compounds was followed by a dechne m blood pressure, 
succeeded by a short penod of hypertension with tachycardia Toward 
the end of the infusion the heart rate and blood pressure dechned The 
oral administration of the two diovanes resulted m a fall m blood pressure and 
a decrease m the heart rate, the effect persisting for several hours 

6 The hemodynanuc alterations observed dunng the mfusion of 933 and 883F 
mto animals with sectioned moderator nerves consisted m a fall m systolic dis- 
charge, accompanied by a decrease m tho pulse rate and m the mmute volume 

7 The mfusion of salme mto animals with chrome neurogenic hypertension 
did not result m a prolonged decrease m tho blood pressure or the heart rate 

8 The mjcction and infusion of 883F failed to lower the blood pressure of 
animals with chronic renal hypertension 

9 The possible apphcation of these findmgs m the treatment of essential 
hypertension and m the differentiation of essentia] from renal hypertension is 
discussed 

Wo are mdebted to Miss Chhstme Waples, Dr T Finney, and Mr D Whit- 
ener for their cooperation and assistance We are especially grateful to Dr W 
T Longcope for his advice and inspuration and to Dr G Harrop for supplying 
us with the dioxane denvatives 

BIBLIOGRAPHY 

1 BiKO, R J , TnouAB, C B , and WAPtsB, C , Journal dm Invert In print 

2 Goodman and Gilman, The Pharmacological Bnsi* of Therapeutica tho Macmillan 

Company, Now York 

3 Fourneau, E , AND Bovdt, D , Arch Inlernat Pharmacod et Thcr , 46 178, 1933 

4 Bovet, D , AND Simon, A , Arch Internal Pharmacod et Thcr , B6, 16, 1937 



WOXANI DERtVATIVES 


39 


0 Ha}ti>otut H Compt Reod Boo Bio) 116 1935 

6 VixnciniouwEB Q se, Coapt EeikiL Soe Biol 119 U47 1934 

7 Hxnujn C Ajrt> BoooiufkT J-J Compt Retkd Boo Biol 110 79 1935 
& THOUJLa 0 B>, Boll Johct Hopldoi Hooplul 6 835 1944 

9 Apeux SkjmdinAT Arth. f Ph^ilo Soppleiimt 16 1 1910 

10 Kits L. xjn> Fuxdbkxo L. Am J Fhyi 1S7 29 1939 

11 Boro E. J Unpubllibed oboorTxtioa. 

12 OBKOonr R. Lutvlmt E xho Lxrm H Tbzsj Hep Biol aad Hod 1 167 



ANESTHESIA XVIH 

A Compahatite Stott of Propethtlene and Cyclopropane on Carduc 

AtrrouATicrrT' 

WILLIAM E EVANS, Jr , ROBERT H OSTER* and JOHN C KRANTZ, Jb 
Dcpartmenl of Pharmacology, School of Medicine, University of Maryland, Baltimore, Md 

Received for pubboation, November 3, 19H 


Propethylene is a volatile anesthetic agent which was shown to possess prom- 
ising anesthetic properties m the mouse, rat, dog and Macacus rhesus monkey by 
Krantz et al (1) Chemically the compound is isopropenyl vinyl oxide, which 

H H 

has the foUowuiE composition, 0=C— 0 — Om! Davis and ICrantz (2) con. 

A U U 

finned its anesthetic usefulness in man Evans et al (3) showed that pro 
longed and repeated anesthesias with propethylene were neither hepatotoxic nor 
nephrotoxio m the mouse, rat and dog Evans ct al (4) developed a method to 
estimate propethylene quantitatively in the circulatmg blood and found anes- 
thetic concentrations in the dog and monkey to bo of the order of magmtude of 30 
to 40 mg per cent Blood gases and cardiac rhythm were found to be essentially 
unaltered by anesthesia with propethylene m the dog even at respiratory arrest 
by Evans and I&antz (6) 

Meek, Hathaway and Orth (6) showed that anythmias frequently occurred m 
the dog’s heart under cyclopropane anesthesia when the automatic tissue of the 
heart was sensitized by mtravenous mjections of epmephnne In these studies, 
we have compared the form and rhythm of the electrocardiographic traemgs of 
the dog and Macacus rhesus monkey under cyclopropane and propethylene 
anesthesias respectively, before and dunng the mjection of epmephnne 
Method op stoty An electrocardiographic tracmg Lead II was made of a 
normal dog or monkey Epmephnne hydrochlonde solution, 1 100,000 (pre- 
served wuth sodium bisulfite) was rejected mtravenously, 0 01 mg Ag diluted m 
each case to a 6 cc volume The rejection was made during 60 seconds At 


the end of 40 seconds at the height of the effect as determined by a cardioscope, 
another electrocardiogram Lend II was taken dunng 20 seconds Each animal 
was subsequently anesthetized with propethylene and cyclopropane respectively, 
usmg the closed circuit method with oxygen In the third plane of surgical 
anesthesia another electrocardiogram was taken and then epmephnne was re- 
jected as set forth m the foregoing descnption and another record taken The 
results are set forth re tables 1 and 2 

Typical electrocardiograms from each table are shown in charts 1 and 2 


1 The expense of this investigation was defrayed in part by n grant from the Ohio Chemi- 
cal and Manufacturing Co of Cleveland, Ohio 
’ ABSociato Professor of Physiology 
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Discuewov Tlie \rork of Orth Slutiman and Meek (7) Bhon-etl that cvclo 
propane great!} enhanced the activity of epinephrine on the automatic tiifaues 
of tlio dog 8 heart In their w ork in control animals epmeplirinc produced onlv 
escape phenomena but under Uie ancethetic multifocal \'cntncular taclijcardia 
occurred in practicall} alt expenmentii. On this as a basis Orth 8tate<! that 


TABLE I 

Do^ and tnonJb<y propelkylene anfUusias icitk epinephnna 
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TABLE 2 

Doij and nmitf ctKlapropan 0 aimli^a teitA epiiupkiint 
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opmephrme ^\aa mterdicled in cyclopropane anesthesia Using similar Bjinpa 
thomimctic ammes, they obsenod that this cflcct i\*a8 speafic for compounds of 
the Hcnca whidi like epinephrine contained the catechol nucleus those contain 
ing tlie phenjl or phenol nucleus did not chclt the response, jVUen ot al (8) 
showed that siTapatholilic agents like crgotamlnc and yohimbine prei-cnted the 
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cydopropane-epinephnnc arrhylhmjas Wnght (9) suggested that this action 
v as centnc and depended upon the depression of certain motor nuclei by ergot 
amine Thienes and Greele3 (10) m a re\ leu of this entire subject, hold the view 
that an “mtact hj-pothalamus, rather tlinn the intrinsic cardiac tissues, is the 
site of the action of cvciopropane in this regard '' 

In this senes of expenments, ^^c ha\e confirmed the finduigs of previous in- 
vestigators, namely, that injections of cpinephnne m the dog under cyclopropane 



Cj cloptopane 



Propclh} lene 

Chart 1 Mosket’s Heart under PnorErinLENE and Ctcloitiopane Uespectiv elt 
UPON the Injection op Epinephrine Lead II 


anesthesia produced in a large percentage of animals arodhmias of a senous 
character Orth et al (II) obtained v entncular fibnllation m 5 out of 20 dogs, 
we found this to occur in one of our senes of 10 

We hav e extended the w ork on cj'clopropane to the Macacus rhesus raonkej and 
found that m this species, as in the dog, epinephnno in animals under cyclo 
propane anesthesia produced senous cardiac disturbances, including a bundle 
branch block m one of the 3 animals 

Table 1 shows that the heart is not sensitized to epmephnne under 
propethjlene anesthesia In this senes, this holds for the dog and the monkey 
Propcthylene appears to hav e a greater capacity than cyclopropane to increase 
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the heart rate. In 20 to 30 per cent of the ancstlicrtiaa In the dog m this senes, 
and in a former series (6) the T waA-e m Lead II is m\ cried It is of apecuil m 
tercst that m our studies w ith cyprethylene ether (12) on isomer of propethylene 
CIIi H 

haling the structure HiC in a senes of 16 monkey an- 

H H H 




Propethylene 

Chart 2 Doo s Ubart ordeb PBOrvniTiXRB uro CTCLOPBorAjns Respbctitblt ceoif 
THU iNjEcnov or EriMBrmuMB Lead II 


csthesias wc obsen ed 2 branch bundle blocks and in others orrhj thmiaa This 
seems to Indicate that the 3 membered cj clopropano ring m the molecule is 
responsible for elintmg cardiac nrrhythmina 


coNCLUBioaa 

1 The scnsitltation of the lieart to eplnephnno under cj clopropane anesthesia 
in the dog has been confirmed and extended to the Macacos rhesus monkey 

2 Cardiac twnie w not rendered sensitive to epinephnno under propethjlene 
ancsthemn m the dog and monkey 
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STUDIES ON THE ANTAGONISM OF SODIUM SUCCINATE TO 
BARBITURATE DEPRESSION 

N W PINBOHMIDT HELEN RAMSEY ajto H. B HAAQ 
Drpiirtwunt of Phtmnacolofj/ Utdieal ColUfo of Virffinia RtcSmond 
RAceired far pnblleatloo Kov«mber 14, 1944 

In a recent publication Boekm and Tanbenhaxu (1) proposed tbe use of sodium 
succinate aa an antidote to barbiturate pobonm^ Its efiectiveneas was ascribed 
to the fact that the oxidation of succmate la not inhibited by the presence of 
barbiturates as is that of glucose lactate and pyruvate (3) Sodnim succinate 
therefore was assumed to furnish an oxidixable substrate until the barbiturate 
could bo destroyed or excreted by the body They found that the preanesthetic 
intramuscular administration of 100 mg. sodium succmate per 100 grains body 
wei^t protected rats agamat the fatal effects of sodium pentobarbital (8 6 mg 
per 100 grams body wm^t, given IntrapentoneaBy) in 86 per cent of the cases, 
whereas In the control group only 46 per cent of the animals recovered 

These authors report succmate to be effective also m controlling the duration 
of anesthesia in rats given 2.6 mg sodium pentobarbital per 100 grams body 
wdght, Tbe median duration of anesthesia was reduced to one-half of the 
control vahe by the adminlstTalion of 6 mg. sodinm suecmate per 100 grams 
whQe 37.6 mg. per 100 grams reduced tbe duraUon to one-third of the control 
value. 

Lardy, Hansen and Phillips (3) were unable to confirm tbe above results in 
regard to control of the duration of barbiturate anesthesia. 

According to Beyer and latven (4, 5) m}ectian of 160 mg sodium succinate 
per kg. mtramusculaiiy into mice Immediately following loes of tbe righting reflex 
failed to shorten the duration of anesUreaia produced sodmm pentobarbital 
(80 mg. per kg., intrapentoneally) but when 1000 mg. sodium Bucdnate per 
kg. was administered the (dgnlficant difference between the treated and control 
mice was 6.26 (2 0 or above Indicates a significant difference) The effect of 
Eucdnato on duration of anesthesia In rats was found to be lees than that re- 
ported by Soekm and Taubenhaus. 

The present experiments were undertaken for the purpose of testmg further 
tbe properties of sodium succinate as an analeptic 

ExPEHmnfTAL. ProtecHon offomd penidbarbtial poioontnn That portion 
of tbe woric of Soskin and Taubenhaus (1) dealing with protection against sodium 
pentobarbital poisoning was first repeated- Male hooded rats were used. Their 
average wei^t was 328 grams considerably greater than the weight of the rats 
used by Soekm and Taubenhaus. They were given no food but were allowed 
free access to water during the 16 hours preceding tbe experiments. Forty 
rats were injected intramuscularly with 100 mg. sodium succmate per 100 grams 
body weight, each dose being diluted with distilled water to make 1 cc. in volume 
The dflutions were made from a freshly prepared 60 per cent stock solution This 
45 
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treatment was followed after 15 mmutes by the mtrapentoneal admimstiation 
of 8 5 mg sodium pentobarbital (Nembutal') per 100 grams body weight as an 
8 6 per cent aqueous solution In an equal number of control rats only the 
pentobarbital was mjected A comparison of results m the experimental and 
control groups is given m table 1 Of the 40 control rats 21 died (52 5 per 
cent) while among those treated with sodium succinate there were 8 deaths 
(20 per cent) This difference (32 6 per cent) is 3 2 times the standard error and 
therefore significant The time elapsmg before death or recovery of the mdi- 
vidual animals is also mdicated m the table Median values for recovery tune 
of control and experimental animals were 347 mmutes and 320 5 mmutes re- 
spectively Median tune of death was 75 mmutes m the control group and 146 5 
mmutes m the experimental group Duration of anesthesia m our experiments 
was therefore much longer than that m the experiments of Soslan and Tauben- 
haua, a circumstance perhaps due to weight differences (6) 

In the course of these experiments it was observed that stock solutions of 
sodium sucemate left standing for a number of days lost much of their analeptic 
effect Thus fatahties from sodium pentobarbital among rats treated with old 
sucemate solutions occurred m approximately the same proportions as among 
control rats The followmg experiment was designed to investigate this aging 
factor 

Smee hooded rats were no longer available, male albmo rats averagmg 314 
grams m weight were used Four groups of forty animals were estabhshed 
All animals received 8 5 mg sodium pentobarbital per 100 grams body weight 
mtrapentoneally This was preceded, by 16 mmutes, by mtramuscular m- 
jection of 1 cc isotonic solution of sodium chloride m Group A (control animals) 
and by mtramuscular admmistrotion m the three remammg groups of 100 mg 
sodium sucemate per 100 grams body weight given m 1 cc doses diluted from the 
followmg 60 pier cent solutions Group B, freshly prepared sodium sucemate 
solution. Group C, sodium sucemate solution prepared with stenlo precautions 
10 days previously, and Group D, sodium sucemate solution prepared without 
sterile precautions 10 days previously and exposed to the air for one hour each 
day until use Upion bacteriological examination the latter solution was found 
to be uncontaminated by either aerobic or anaerobic forms m spite of lack of 
etenie handlmg 

It IS apjparent from table 2 that there is a reduction m the protective power of 
sucemate solutions upon standmg Mfty per cent of the control anim als died 
and 30 per cent of the animals treated with fresh sucemate died In each of 
the groups mjected with aged sucemate solution 46 per cent of the anunala died 
The probabihty that a true difference exists m regard to fatahties between the 
controls and the animals rejected with fresh sucemate is approxunately nmety- 
three m one hundred The probabihty that a true difference exists between 
the fatahties m the controls and m the animals treated with old sterile and old 
"non-stenle” solutions is sixty-four m ono hundred and fifty-five m one hundred 
respiectively 

■ Supplied through the kindness of Dr H K Richards of Abbott Laboratones 
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The first two seta of MitmAla in tliifl expenment constitute a repetitioii, except 
for the variety of the experimental animal, of the "work with hooded rata re- 

TABLK 1 

DwcUm of oimtJutui tn raU firm 8J rug todttm p«nto&orM{al per iOO gram My vtight 
inlrcptrilontoUy 


Treated r«tf were liTen 100 me eodhim eoeeliMite per 100 gruoi body weixMlntrcmawra 
laxly 10 mlnatea prior to adminUtration of the anectbetlo. 
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320 6 

146 6 

Mean 857 7 

86 4 
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151 0 


ported above, it may be seen that succinate afforded les protection to the albino 
rata in this experiment than to the hooded rats of the first exper im ent. 

The effect of succinate on anesthesia in albino mice was investigated in two 
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expenmeilts similar to the first Male ammab averagmg 23 grams m freight 
were used Sodium succinate was administered by two routes, subcutaneously 
m the first senes and intravenously m the second 
To each of 100 mice aas given 0 15 mg sodium pentobarbital per gram body 
weight, m 1 5 per cent solution, mtrapentoneally One-half of these animals 
were pven 1 mg sodium succmatc per gram body weight subcutaneoulsy as a 
10 per cent solution 15 mmutes pnor to the admmistration of the anesthetic 
Of these 60 mice 41 died (82 per cent) and of the 60 control mice 37 died (74 
per cent) The difference between the groups is of no statistical significance 
Median death times (table 3) were 14 mmutes for the control group and 16 
mmutes for the experimental group Mean death tunes were 16 3 mmutes and 
20^ mmutes for the two groups respectively Median recoveiy times were 
287 mmutes m the control group and 169 mmutes m the experimental group 

TABLE 2 

Effect of aging on analeptic property of eodium tuccinale eolations in athno rats 


Succinate (100 mg per 100 grams body weight) injected intramuscularly 15 minutes 
prior to mtrapentoneal administration of 8^ mg sodium pentobarbital per 100 grains 
body weight 
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Mean recoveiy times were 255 8 mmutes for the controls and 191^ mmutes for 
the treated mice 

Sodium sucemate was administered mtravenously to 50 of a second senes of 
100 mice In this instance 1 mg per gram body weight was mjected mto the 
tail vem approximately three mmutes after mtrapentoneal administration of 
0 15 mg s^um pentobarbital pier gram body weight There were 42 deaths 
(84 per cent) among the control animals and 36 deaths (72 per cent) m the 
treated group This difference is not significant statistically Median death 
times were 13 mmutes for the control group and 16 mmutes for the treated group 
Mean death tunes m the two groups were 15 1 mmutes and 16 5 mmutes Median 
recovery tunes were 222 mmutes for the control an im a l s and 203 mmutes for the 
treated gnimnk Mean recovery times were 230 1 mmutes and 188 4 mmutes 
respectively for these two groups 

We were thus unable to demonstrate a reduction m the number of fatahties 
m mice by the administration of sodium sucemate subcutaneously or mtra- 
venously 
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In the preceding erpenments there was displa}^ a tendency among surviving 
animala for the duration of anesthesia to be shortened by the presence of suc- 
clnato and for deaths to be delayed m the treated cases However the fact 
that recovery tnne could be measured for only part of the group those surviving 
the experiment, malces it nnpoesible to treat the data statistically 
Dvratum of anetihesia For meosurmg the effect of succinate upon duration 
of pentobarbital anesthesia, male rabbits (1^ to 2 16 kg ) were used Twelve 
control and 12 experimental animnlR were used In one scries in which a near 

TABLE 3 

Effect of tedium tvcexnalt on morlalHif from 0 IS wto tedium ptnioberbitai per gram I>^|r 
vrtgAl in mfn 


Sodlam ncdiiAte 1 mg persrmm pvai nibcDt«neoQ«l 7 15 minat«f prior to edmln 
utratioQ of tlw anettbetie in tho first treated poup and intravenoosly 3 mlnotes after 
adminlftratlon of the aneathetlo in the aeoood treated croup 
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TABLE 4 
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fatal dose (60 mg. per kg body weight) of the anesthetic was given mtravenously 
ITus Tit as followed after 20 minutes, In tho experimental group by slow intravenous 
injection (1 cc per minute) of 1 gram sodium succinate per kg, each dose diluted 
to 20 cc and m the control group hy injection of an equal wlume of isotonic 
solution of sodium chlonde (LiupJ doses of succinate administered by rapid 
intratTmous injection result m pulmonary hemorrhage and death,) The duration 
of anesthesia as determined estabhshmg two pomls the return of the nghting 
reflex and the somefthat later return of voluntary walkmg movements As 
shown in table 4 mean recovery time as measured by tho return of tho rigjiting 
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reflex was 140 8 minutes for the control group and 111 4 nunutes for the treated 
animals Mean tunes for recoxeiy of ability to walk were 190 1 mmutes and 
140 8 mmutes for the two groups respectively The difference between treated 
and untreated an im a ls m regard to recovery of nghtmg reflex was shown to be 
on the borderlme of statistical significance (a i value of 2 00 was obtamed where 
2 07 represents a 1 20 probabflity), the difference m respect to return of volun- 
tajy walkmg was defimtely significant (1 is 2 96 where 2^2 represents a 1 100 
probabihty) 

In order to compare the analeptic properties of succinate with those of the 
most commonly accepted antidote for barbiturate poisonmg, picrotoxm (7), 
another set of experiments was conducted It was further supposed that m 
view of the different modes of action of picrotoxm and succinate, their simulta- 
neous administration might result m summation of effect Four groups of 12 
male rabbits each (1 28 to 1^1 kg } were used, all were given 35 mg sodium 


TABLE 5 

EJ^ecl o/ eodium tuccinatt and of picrolonn on duration of anetthetia in rabbtlt anetlhtitrtd 
mth Bodtum pentobarbital SB mg fkg body weight intravenouily 
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pentobarbital per kg body weight mtravenouslj Twenty mmutes after onset 
of anesthesia animals of the various groups were given (a) sodium succmate, 
1 gram per kg mtravenously, (b) picrotoxm, 2 mg per kg mtravenously, (c) 
sodium succmate, 1 gram per kg , followed by picrotoxm, 2 mg per kg , mtra 
V enousl} , and (d) controls, isotomc solution of sodium chlonde Total volume 
administered was adjusted to 20 cc m all cases by the mjection of isotomc 
salme The succmate was mjected at the rate of 1 cc pier mmute Cntena 
for duration of anesthesia were recoveiy of the nghtmg reflex, recoveiy of 
placement reactions and walkmg (Two placement reactions were considered. 
When the dorsum of a normal rabbit’s foot is touched to the edge of a table the 
ammal immediatel> lifts his foot onto the table When his cbm is touched to 
the table-top, the ammal bemg otherwise suspended by the expenmenter, he 
reacts by placmg both forefeet upon the table In our experiments these two 
reflexes relumed practically sunulfaneously ) 
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Avenge duration of anesthcaia for the vanous groups as judged by these 
criteria is recorded In table 6 It may be seen that picrotoxm in the dosage used 
IS more effective than sodium succinate in fhortemng duration of pentobarbital 
anesthesia, and that there is little summation m effect idieii the two drugs are 
used simultaneously In this sones the t value for difference In mean time for 
recovery of the nghting reflex between control and succinate treated groups prove 
to be lees than signiflcant as did also that calculated for difference between these 
two groups in regard to recovery of the placement reactions and the return of 
voluntary walkmg. The i values for difference m mean recovery tune between 
the control group and the group given picrotcodn alono were 4.65, 2 76 and 2 94 
when measured by return of noting reflex placement reaction and walking 
respectively All three figures are significant. Compenson of the controls 
wi^ anhnab of the group treated with both drugs simultaneously yields highly 
significant I values, 4.94 when measured by return of noting reflex, 3.32 when 
measured by return of placement reacbons and 3 96 when measured by the 
recovery of ability to walk. No significant difference existed between the 
results from the use of piorotonn alone and those from the combined use of 
pioTOtoxin and sodium succinate 

The pattern of recovery from anesthesia was esssnilally the same in all nnimnJw 
regardless of treatment, differing only In rate of recovery no convulsions were 
encountered b the use of picrotoxb. 

SUUUABT 

1 Repebbon of the ex p er im ent of Soekin and Taubenhaus concerning the 
use of sodium eucemate as an antidote to barbiturate poisaning in hooded rats 
yielded results similar m nature but somewhat kes striking than those obtamed 
by these workers The preadnunlstratioQ of 1 gram sodium succinate per kg 
body wei^t protected 80 per cent of the treated rats against death from 8,5 mg 
sodmm pentobarbital per kg , whereas 47 5 per cent of the control anlmala but 
vived, 

2 In an IdenUcal experiment with albbo rats, 70 per cent of the treated rats 
recovered whilo 50 per cent of the control animals recovered 

3 Sodmm succinate eolations were found to become less effective upon agbg 
The number of survivals among albbo rats treated with 10 day old solubons of 
sodium sucemate scaredy exceeded those among control rata, 

4 No Significant difference b death rate was noted from sodhim pentobarbital 
admlnistrabon between control and treated mice when sodium sucemate was 
administered either subcutaneously or bbnvenously 

6 Sodium succinate was shown to shorten duration of sodhim pentobarbital 
aneethesla m rabbits to a limited extent. It was far lees effecbve than a moderate 
dose of picrotoxm 

6 little additive analeptic effect was obtabed by the Bimiiltaneousadininistra 
tloQ of sodmm sucemato and plcrotoxb to rabbits previously given sodium 
pentobarbital 
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The authors are indebted to Dr Ernst Fischer, Department of Physical Med- 
icme, for advice on the statistical treatment of the data, and to Dr J D Reid, 
Department of Bacteriology, for making anaerobic cultures on our solutions 
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DISTRIBimON OF TUNGSTEN IN THE RAT FOLLOWING 
INGEBTION OF TUNGSTEN COMPOUNDS 

F W KINARD AND J 0 AXJLL 

Fnm tiU DfpartaunU of Pk)friolon and CAtwUtlrf IfedicaJ ColUfft ef A* 8laU of Sovik 
Conltna ChxrUtlonf ScuA Caroltna 

Hooelvod for publioAtlon NoTunber 16 1044 

In an attempt to utiliBe tungsten or one of Ita compounds for benograpby and 
hepatography Informahon was needed concerning the distribution of tungsten 
m various organs of the rat following oral ingestion of tungsten compounds 
Eeriier experiments (1) indicated that sodium tungstate or tungstic cnode in 
concentrations equivalent to 0 1 per cent W and ammonium tungstate equivalent 
to 0^ per cent W when fed to rata ad libitum over a period of 70 days were only 
sli^tly toxic as evidenced by a small retardation in growth 
Bernstem-Eoban (2) fed sodium tungstate to a single rabbit and tungsten 
metal to a smgle oook. After sacriBdng the animals, a crude colomnetrio 
method showed no tungsten m the liver or kidney of either animal, but 225 
per cent of the sobd material of the rabbit s bone was foilnd to be tungsten 
These few experiments are inconclusive and indicate the need of further study 
ExpEBatBWTAiH Thirty-seven day old rats were placed on a basal diet of 
ground Punna dog chow in which the finaly-ground tungsten compounds bad 
been Incorporated For each expenmental ^et, 2 female and 2 male rats were 
used with the sexes separately caged Diet and water were givecu ad libitum. 
At the end of approximate one hundred days, the rats were IdDed by a sharp 
blow upon the Inck of the necL Before removing the tiasuee, the skin was 
scrubbed and washed w^ 

Tlie tissues of both rats on the same diet were combmed, wei^ied nosed free 
of blood and prepared for analysn The methcxi of AuH and Kinard (3) was 
used for the determinatiou of the tangsten 
The expenmental diets were as follaws 

Diet A Punna dog chow (control) Diet B 0 1282 per cent tungstio oodde 
(0 1 per cent W) m Purina dog chow Diet O 0 1796 per cent sodium tungstate 
(0 1 per cent W) in Purina dog obow. Diet D 0 8912 per cent ammonium 
paratungstate (0 6 per cent W) In Purina dog chow Diet E 2 0 per cent tungsten 
metal (2.0 per cent W) m Punna dog obow. Diet P 10.0 per cent tungsten 
metal (10 0 per cent W) m Punna dog chow Diet G 10 0 per cent purified 
tungsten metaP (10 0 per cent W) in I^mlla dog chow 
Resultb. The results of the analysis of bone skin, and spleen are presented 
in table 1 with quantities of less than 1 0 mgm per cent of W bemg reported as 
a trace- The other organs or tissues analysed gave variable results which are 

* TanfsteD Metal naed in Diet Q irai purified farther bj waihine with 0 IN HCS waeh 
inK free of add washing eereral tlmee with 0 1 N NaOH washing free of the last trace of 
alkali and then drying 

6S 
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not included m the table but which are placed in three general groups and 
Hummonzed below 

Brain, Heart and XJterus Generally negative, with a single exception in pnnVi 
case A trace of tungsten v as found m the brain of the males on Diet D and in 
the heart of the females on Diet G The uterus of the ammals on Diet C con- 
tamed 3 mgm per cent of W 

Lung, Musde and Testis Positive m approiomately one half of the animals 
tested, but m no case was more than a trace of tungsten found No relation 
was observed between diet or sex and the presence or absence of tungsten 

Blood, Kidney and Liver Generally positive, but not more than a trace of W 
No exception to this generality was observed m the case of hver In the blood 
of the females on Diets C and D no tungsten a as found No tungsten was found 
m the kidneys of the females on Diet B, but those of the females on Diet D 
contamed2mgm per cent W 

Discussion There is no marked difference m distnbution of tungsten with 
the variation m the compound ingested, i e , the soluble sodium tungstate is 


TABLE 1 

Dtelribulton of tungtUn 
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distributed approximately to the same extent as the less soluble metal The 
mechanism of absorption of the metal is not evident but it is likely that some 
compound is formed by oxidation of the metal m the diet or after it rcawdies the 
gastro-mtestmal tract, and then this product is absorbed m the mtestme 
In order to remove any trace of oxide from the metal. Diet G was prepared 
from metalhc tungsten which had been treated as desenbed m the footnote. 
This purification produced no significant difference m distribution Although 
Diet G contamed no trace of oxide at the tune the diet was prepared, it is still 
probable that oxidation occurred later 
The chief sites of deposition of tungsten ate bone and spleen with somewhat 
smaller quantities m skm, kidney, and hver Despite careful scrubbmg and 
washmg of the skm, it is passible that the tungsten found m the skm is due to 
contammation by the diet rather than the result of cutaneous deposition This 
factor could not be defimtely eliminated m these feedmg experiments Without 
exception, tungsten was found m the hver but the concentration m each case was 
less than ! 0 milhgram per cent Tungsten deposition thus differs from faeavj 
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m«tal depoeiti(m in general for in the latter the storage is chiefly m the liver 
and to a lees extent in the spleen, kidney, and bone (4) 

Blood, long testis, and muscle in some instances shoired storage of tungsten 
m traces (less than 1 0 milligram per cent) while in other instances no trace was 
found. The occasional presence of tungsten in lung and muscle appears to be 
independent of the presence of tungsten m the blood at the timo of analysis, for 
in the two cases whore blood showed no trace of the metal, both lung and muscle 
did show traces The tungsten doubtless had been deposited m the two tissues 
at an earber date and was no longer clroulalmg in the blood 
Bram heart, and uterus were free of tungsten except m a single instance m 
each organ In the bram, it is possible that in reroovmg this organ that a small 
■picule of bone was collected with the nervous tisBue, but this is unlikely There 
ts no obvious explanation for the single positive findmg in heart and ntonis. 

In no instance was there any trace of tungsten found in the animals kept on 
the control diet. 


BmeUABT 

In rats kept for 100 days on diets m whkh tungsten had been incorporated as 
either the metal, tungstic oxide, sodhim tungstate, or ammonium paratungstate, 
the chief sites of depodbon were bone and spleen with smaller quantities in the 
•Idn, kiduey, and liver The possibilify that the finding of tungsten in the 
skm is an artefact is dmissod 

Trtcoe of the element were found in some instances in blood, lung muscle and 
testis In only t emg^ instance was tungsten found in the brain heart, or 
uterus 

In no case was tungsten found in any of the tissues of the control animals, 
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EFFECT OF NE^a ON THE LIFE-MAINTAINING ACTION 
OF DESOXYCORTICOSTERONE ACETATE IN 
ADRENALECTOMIZED RATS 

HANS SELYE anb HELEN STONE 
From the Deparlmenl of Analomi/, ifeOtll Umrersiiif, Montreal, Canada 
Ecceivcd for publication, November 21, 1644 

It has recently been shown that the toxic manifestations of desoxycorticosterone 
acetate (D C A ) overdosage can be prevented m expenniental nnimala by the 
administration of ammomum chlonde High doses of D CA produce nepho- 
sclerosis, cardiac lesions and penartentis nodosa m rats kept on tap water 
Admmistration of a 1% sodium chlonde solution instead of water aggravates 
these to-ac manifestations of the corbcoid hormone, while 1% ammomum 
chlonde prevents them (1) Systematic mvestigations concermng the effect 
of vanous electrolytes on D CA overdosage symptoms mdicate that sodium 
bicarbonate shares with sodium chlonde the abihty to mcrease sensitivity to 
these damagmg effects of the hormone, while the acbon of calcium chlonde 
resembles that of ammomum chlonde inasmuch as it protects against D CA 
mtoxication (2) Contrary to earher reports (3), we were unable to demonstiate 
any sigmficant protection m animals receivmg potassium chlonde 

These observations revealed the possibihty of counteractmg some of the un- 
welcome manifestations of D C A by treatment with certam electrolytes In 
view of the fact that overdosage symptoms frequently mterfere with the clinical 
use of D CA , especially m patients suffering from Addison’s disease, it appeared 
of practical importance to study the mechanism by which electrolytes protect 
against the toxic effect of this steroid In this coimection, the most important 
question was whether a substance such as ammomum chlonde, completely 
inactivates the hormone or whether it merely antagonizes its toxic side effects. 
We therefore decided to detenmne the hfe-mamtainmg potency of D CA. m 
adrenalectomized rats receivmg tap water or ammomum chlonde solution, 
respectively 

Immature male hooded rata, havmg an imtial body weight of 40-55 g (average 
40 6 g ) were used for all the experiments of this senes Half of the animals 
received a 1% ammomum chlonde solution ad Itb instead of dnnkmg water, 
while the other half was given tap water On the 4th day both adrenals were 
removed through lumbar mcisions m all animals of this senes, then the rats were 
subdivided mto 8 groups, as follows Groups I, III, IV and V received tap water 
to dnnk, while Groups H, VT, VH and VIII were given a 1% ammomum chlonde 
solution ad lib Smce adrenalectomized anunals are very sensitive to any change 
m diet, these dnnkmg fluids were given not only dunng the experiment, but also 
3 days pnor to adrenalectomy Groups I and II acted as controls and received 
no D CA Groups HI and VI were given 50y, Groups IV and VH 70y, and 
Groups V and VIII lOOy ofDCA.m01ec of peanut oil subcutaneously once 
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dafly Table 1 Bummames our itmilLs. A few rata dtcd durmg tl>e first 24 
hours ofter the operation, apparently due to operative shock or homorrhage, 
white another few proved to have small adrenal remnants when examined at 
autopsy These flrtlnmte arc not listed in tho table. 

Perusal of table 1 mdicates that the animals drinking ammomum chlonde 
do not gam weight as wdl as tho controls receiving water This is m agreement 
with our pTOviousobsorvatloiiBonmtactanimals and mdeeditis hardly surprising 
that an mi ate kept on a 1 % ammonium chlondo solution are not m as good a 
condition as those which ore allowed to dnnk water The growth mhibilion 
is manifest m the controls (Croup II) as well as in tho vanous D CA, treated 


TABLE 1 

E^td d/ on Uft-trtainlaining action daoxycoriUoaltron* aceiaU fn 
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2nd day 

3 

4 

1 

3 

0 

1 

1 

0 

Srd day 

3 

3 

0 

0 

0 

2 

3 

0 

4th day 

0 

13 

0 

0 

0 

8 

0 

0 

fith day 

6 

0 

0 

0 

0 

0 

0 

0 

6th day 

13 

3 

0 

0 

0 

6 

0 

0 

ToUl(ln%) 



8 8 

0 

0 

43 8 

14 S 

0 


The ficar«« in Uite edman repreaent tbe per«eotac« of th« anlmaU, hi each croup 
which died during tbe entire 6 day period. 


groups (Groups VI-VIIl) Accordingly the total mortality rate is hi^ier among 
the ammomum ohlodde-treated animals rece iv ing threshold doses of 60-7 Qt of 
D CA, (Groups VI and VII) than in the correspondmg groups receivmg tho 
same amount of D CA but given water (Groups lU and IV) However lOOy 
per day which is not much above the threshold life-maintaming dose is per 
feotly adequate to Tnalntnin adrenaleotomued rata kept either on water or on 
ammonium chlonde solution. It appears that ammonium chlonde does not 
markedly counteract tho life malntammg potency of D C A amce the survival 
rate of adrenalectomixed animals kept on ammonium chlonde and given IOO 7 
of this steroid is better than that of odrcnatectomiied controls given SO-TOy of 
D CA., while receiving tap water Tbe inabihty of ammomum chlonde to 
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annul the hfe-mamtauung action even of a few gamma of D GJ^ is noteworthj 
m view of the fact that m our earher experiments — ^referred to above — the same 
concentration of ammomum chlonde sufficed to counteract the toxic effects 
normally resultmg from the daily administration of several milligrams of this 
steroid 

These observations suggest that perhaps administration of ammomum chlonde 
may piennit the use of D CA. m man with comparatively httle danger of pro- 
ducmg overdosage phenomena 

SUMMAHY AND CONCLUSIONS 

The hfe-mnmtainmg action of desoxycorbcosterone acetate (D CA) is not 
significantly inhibited by the mgestion of ammomum chlonde, although previous 
expienments showed that its toxic manifestations may be completely prevented 
by this electrolyte These observations are noteworthy because they suggest 
a fundamental difference m the mechanism through nhich D CA exerts its 
hfe-mamtauung and toxic effects respectively 

Ackn owledqments The expenses of this mvestigation were defrayed through 
a grant received from the Josiah Macy Jr Foundation. The authors are also 
mdebted to Dr E Schwenk of the Siienng Corporation of Bloomfield, N J , 
who supphed the desoxycorticosterone acetate 
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THE EFFECT OF CURARE AND CURARE-LIKE SUBSTANCES ON 
THE CENTRAL NERVOUS SYSTEM' 

ERNEST P PICK awb KLAUS UNNA 
From t\* Laborclont* of Ikt itouTd Stnat no*pitaJ Ntwiork N > andtX* 

Uirci InttUuttfor Tkeraptutie Ratareh RaXvay N J 

Effecta of comre on the central nervous system of cold and worm blooded am 
mals have rcpcatedlj been reported. Tho majonty of theso obeervaUona re- 
ferred to changes in the acU\'lty of tho central nervous system such as dampening 
of artificially produced sthnulation, or the enhancement of tho narcotic effects of 
other drags, A direct effect on the central nervous system was demonstrated m 
cjcpenments m which curare aboliahed tho cortical potentials in frogs mdopend 
ently of its paralyxmg action on myoneural junctions (Fmlclberg and Pick 
1942) Since theso expenmonts were earned out with crude extracts of curare 
which undoubtedly earned extraneous material, it was dcsirablo to reinvestigate 
the effects on the central nervous sj-stem with a pure alkaloid of curare recently 
obtamed in crystallino form (Winterstemer and Butcher, 3043) jP\irthermoro 
it was our mtention to extend these studies to other substances with a curare-like 
action cm the myoneural junction Accordingly d tubocumrme ohlorido, 
dihydro-^-erythroidino HCl quinine ethochlondo mcoUno (base) and tidamino 
HCn were us^ in these experiments In an attempt to analyse the effects of tho 
curarixmg drugs, experiments were also earned out with proetigmine acetyl 
choline, monoiodoacetio acid and sodium cyanide All these substances which 
are readily soluble m w-ater were used as neutralixed solutions in 0 6% sodium 
chlonde, 

Qerard and his collaborators (labet and Gerard 1938 1039 and 1041, Gerard 
and Libet, 1040) carried out the first studiee on the electrical potentials of the 
Isolatod brain of tho frt^ and espedoHy of the lobi olfactoni They obtained 
specific reactions of these organs to various drugs which were applied locally 
Since, cbvioualy the frcq 5 ;^fl brain m mtu with its natural blood supply affords 
more idiystdoglcal conditions than the isolated bram our studies were earned 
out mostly on the brain potentials of pithed frogs, someturiee also on normal 
frogs paralyied by curare^e drugs. Fithmg of the frog abolished all reflexes 
of the spmal cord including the swaflowing reflex which otherwise may interfere 
with the E.E.G In our experiments only ocular movements sometimes Inter 
fered with the EH,G The reactions of tho EJE.G obtained m this manner were 

1 The Mnior author (E P Pick) wube* to mpi c M his thsnhs to the Ella Plots 

Foundation and to the Dasian Foaodation forM^cal Researeh for finacelal aid to Dr O 
Wlntorstalner of the Bqnibb Institute for Medleal Roseareh for a sift of d tubocurarine 
Dr Oliver Karnm of Farko-DaTis and Compsoy for a (ift of qnlnino-ethochloride and Dr 
L Pirk of Hoffmann LaRoehe Ice for a ^ft of proetlsmlne 

The iDToatlfation was befun in eolUboralion with Dr 8 Fdtalbers of tho Mount Bmal 
Hosidtal who had to dlsconUnoe the work because of other dudes 

Qratefol aeknowledtment is msde to Mha Ruth Pioski for the excellent teebnleal ss 
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not m every respect identical with those obtained by Gerard and co-workers on 
the isolated frog bram The reactions of the frog brain differed from those of 
narm blooded animals most markedly m that convulsant drugs hke stiychrune 
and picrotoxm injected mtralymphatically m doses of 4 mgm per kgm faded to 
ha\ e anj noticeable effect on the electnc potentials of the frog brain It may be 
recalled that Kolm and Pick (1920) m perfusion expenments on frogs faded to 
demonstrate the existence of a vasomotor center which responded to strychnme 
or picrotoxm Furthermore, Bremer, Dow and Moruzzi (1939) reported that 
these drugs are likewise meflfehtive m stimulating the bram of reptdes Caffeine 
with which Gerard and Libet (1940) obtamed specific effects on the isolated lobi 
olfactom and hemispheres of the frog, caused m our expenments only a fleeting 
penod of mcreased electncal activity for 1 or 2 mmutes immediately foUowmg the 
mjection of 20 to 400 mgm of caffeme sodium benzoate per kgm TheEJEG of 
the frog IS also less sensitive to lack of oxygen (Sugar and Gerard, 1939), to the 
action of acid and alkah and to changes m the pH than the electncal cortical po- 
tentials of mammals (Libet and Gerard, 1939) Hypo- and hyperglycemia 
appear to have little if any influence on the EJE G of the hvmg frog, a findmg in 
agreement with the statement of Gerard and Libet (1940) that the isolated frog 
bram is completely mdifferent to the presence or absence of glucose m the sur- 
roundmg salt solution On the other hand, numerous expenments on the frog’s 
bram m situ have shown that the E E G is extremely sensitive to the action of 
drugs paralyzmg the central nervous system 

Methods The experiments wore earned out on frogs of 30 to 60 gram body weight in a 
manner similar to that employed in previous experiments (Foitelberg and Plot, 1942) 
Hongland (1940) electrodes were inserted (1) at the frontal end of the left hemisphore, (2) 
at the occipital end of the right hemisphere, and (3) at the region of tho lobi optici of the left 
hemisphere Records were made by a Grass three channel ink writing oscillograph In 
order to conserve space, tho record of only one channel is presented in the illustrations 
Prior to the insertion of tho electrodes, tho frogs were pithed In some experiments the 
paralyjing effect on the striated muscles was studied in tho intact ammals, after complete 
recovery, the frogs were pithed and the effects of the same drug on the E E G were studied 
in the usual manner Furthermore, E E G were taken of intact (not pithed) ammals 
subjected to paralysing doses of various drugs All substances were adnumstered by 
injection into the thoracic lymph sac The effect of every drug was studied on at lesst 12 
frogs 

Results 1 d-lvbocumnne CrystaUme d-tubocurarme chlonde (Wmter 
sterner and Dutcher, 1943) caused reversible paralysis m doses of 3 mgm per 
kgm frog It proved to have the same effects on the E-EG of frogs as the crude 
curare preparation m previous expenments (Feitelberg and Pick, 1942) Small 
amounts of d-tubocuranne (3 mgm per kgm) which paralyze the skeletal 
muscles, usually failed to exert any influence on the E E G Dose of 4 and 7 5 
mgm per kgm , however, abolished the electncal potentials for penods which 
lasted considerably longer than the penpheral effect of this substance (fig 1, A 
and B) Frogs recovermg from tho effects on the striated muscle were able to 
jump in an apparently normal fashion, although their E E G failed to show any 
regular electncal potentials at this time Thus, the central and the penpheral 
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action of d tubocuranne chloride appear to bo independent of each other as indi 
cated previoualy in expenmenta with cnide curare (Feitelbeig and Pick, 1942) 
A dfetinclKm between the central and peripheral action was also found when 
proctigmine (0 1 mgm per kgm ) was injected into the curarited frog A1 
though proetlgmino hastened to restore tho motflily of the animals it failed to 






Fia 1 E rrc cr op d TuvocTnuKons on tqb Bbadt PommAia or thi Fooa 
A Frog CO mm*. Record 1 — 10 minat««,H««ord 2— -18 mhiotM Record)— 41 mlnaiee 
after l^eeUos of 4 id^ per kgm. d ttiboeaimrii>e Tbe frog waj eompleielT paraljTed 
before Record 1 wai takeo Amplitude OmiiL. SO miero-Tolts; ebmand 1 ipeed 3 aai, per 1 
tecoiKh 

B Same frog, next day Kthed after reeor er y Kccordl before Record 2— i miimtefj 
Record 3 — 18 i^ote* after injection of 4 mgin> per kgm d tuboeoraiine Amplitude 12 
tnm 50 mlcro-TolU obannd 1 ipeed 3 cm. per 1 cecond 

C FfM 36 name Record 1—16 ndnutee after Inlectlon of 5 mgnu per kgoi. d inboeu 
raiine rrog a completely panlyied Record 2 — 10 minateB later 1 nuoote after IcJee 
tionof0.2mm per kgnu proctlgmlnc Records — 17 minotefl after prqi^fmlne liietroc 
waa able to romp Brain wares remained aboiiibed for another bov junpUtnde 16 mm. 
Xmlcio*Tofte; channel 2 epecdSom perl second 

restore the brain potentials to their nonnol amplitude (fig 1 C) Likewise, 
strychnine (6 mgm per kgra.) and picrotoxm (6 mgm perkgm )werome£rectiveIn 
restoring the electncal activity of the brain of curarited frogo. 

2. dtApdro-teta-erjrtAnmfme The curare-hke action of alkaloids obtained from 
vanouB spedea of the genua Bryihnna has recently been described (Unna and 
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Grealin, 1944) Amonp these alkaloids dihydro-beta-eiythroidine was one of 
the most potent, blockmg the myoneural junction in frogs m doses of 0 5 mgm 
per kgm In analogy to its effect upon curare, prostigmme was found to antago- 
nise the action of dihydro-beta-erythroidine in cold and wann blooded animals 
(Unna, Eniaeuk and Greshn, 1944) In our experiments dihydro-beta-erythroi- 
dine was given in doses from 0 6 to 2 mgm per kgm The smallest dose often 
failed to mfluenco the E E G , although it was suflScient to paralyne the skeletal 
muscles Larger doses (1 and 2 mgm per kgm ) had an effect on the EE G 
similar to curare A few minutes after the injection the amphtude and frequency 
of the potentials decreased gradually and all bram potentmls had disappeared 

A I 



isec. 

Fio 2 Brmrr or Dihtdbo-deta EarrHaoroiNE on thb Bbain Potenmaid or the Fboo 
A Frog 45 gram, pithed Record 1 — before Record 2 — 10 minutes, Record 8—30 min 
utes after injection of 2 mem /kgm dihydro betaHErythroidme Amplitude 12 mm 20 
micro volts, channel 2, speeu 8 cm per I second 

B Frog 40 gram R^rd 1—10 ramutes after 2 mgm /kgm dihydro beta-ery throidine 
(complete muscle patalysiB), Record 2—17 minutes after 0 1 mgm /kgm prostigmme (mo 
tillty restored) Amplitude 16 mm 20 micro volts, channel 3, speed 3 cm per 1 second 

after 20 to 30 minutes (fig 2) On the other hand, complete block of the myo- 
neural junction followmg the same doses of dihydro-beta-erythroidme became 
manifest withm 6 to 9 mmutes A further differentation between the central and 
penpheral action of this substance was shown by the effect of prostigmme As 
in ouranzed frogs, prostigmine (0 1 to 0 2 mgm per kgm ) accelerated the recov- 
ery from the effects of dihydro-beta-eiythroidme upon the skeletal muscles, but 
failed to counteract the depression of the brain waves (fig 2, B) The mterrup- 
tion of the synaptio transmission m the bram by dihydro-beta-erythroidme per- 
sisted at a tune when the penpheral transmission at the myoneural junction was 
restored either spontaneously or followmg the admmistration of prosfagmine 
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Since dihydro^ta-eiythroidlne produced the Bnmo offecta on the E E G of 
the frog as d-tubocuranno it seemed of interest to loam whether ono of those 
alkaloids would enhance the effects of the other Thoreforo, a doeo of d tubocura 
nne (3 mgm, per kgm ) wns injected which was so small as to show no inffuonce 
on the E^ G One hour later, a small doeo of dJhydro-beta-aythroHiine (0 6 
Tn gm. per kgm ) known to be insufficient to cause an alteration of tho brain waves 
m normal frogs was ^ven The amphtude and frequency of the potentials de> 
creased within a few mmutes Thus, it appears that the two alkaloids mutually 
enhance each other m thoir effects upon the brain of the frog In this connection 
it may be of mtercst to note that curare os well as dihydro-beta-erythroidine 
potentiate the effect of anesthetics on the heat production in certam parts of the 
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Fia S. Emor or QxrmirE E-nioosLoamB ov tbb Bbaiv Potchtuxb or m Faoo 
Fro( 53 crams ^tbed. Record I — befor* Record 3 — 7 mhratce. Record 3 — ^SO min 
ates after injecUon of ^ memykeoL. «^alniiie etbociilorlde. Amplitude P mm 50 micro- 
Tolts ohonnel 1 speed 8 cm perlMCond 

B Froc33crtixL Record 1 — 14mlnateaafter40m|jim/kpn.q[mnineetliooiilorlde (com 
piete nmeds pormly^) Record 3—30 mlnotcs after tbe infeetlon AmpUtade 16 mm. 60 
mlero-ToHs; chamM 3 speed 3 cm. per 1 eccood 

brain of cats Both substonoes decrease, in a like manner, the heat production 
in the brain, independently of their peripheral action (Pick and Eeitelberg, 1944) 
3 Qutntne efhochlondc The curare-like action of quinine methocfaloiide has 
been deecnbed by Harvey (1910) and that of quinine ethochlonde by C;!hase and 
Tichmnn (1942) In normal frogs this substance caused a reversible paralysis 20 
minutes after the administration of 40 mgm. per kgm. In pithed frogs 40 mgm 
per kgm. caused a gradual decrease in the amplitudes of the brain waves, and 15 
to 30 minutes after the injection the bram potentials bad almost disappeared 
(fig 3) The depressiem of the electrical activity of the brain lasted for 1 J hours 
or longer This compound prolonged tho atrio-vcntrimilar conduction time in 
the same manner as quinine as evidenced by the eleotxocardlogram obtained in 
the record of fig 3 The minimum doees of quinine ethochloride effective in 
depressing the brain potentials and in blocking the nauromnscular junotioo were 
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identical, as was the duration of both the central and penpheral effects Prostag- 
mine failed to counteract the effect of quinine ethochlonde on the brain potentials 
of frogs 

4 Prosltgmtne and Aceiylchohne The observation that prostigmine failed to 
counteract the effect of any of the curanzmg agents on the brain potentials 
prompted us to study the effect of prostigmine alone and m conjunction with 
atropine and acetylchohne on the E B G of pithed frogs It was found previ- 
ously (Pick and Feitelberg, 1944) that prostigmme failed to mcrease the heat 
production of the bram of cats Only when the oxidative metabolism of the bram 
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Fio 4 ErracT or PnoBnamtrE and AoBnrumoutrE on the Bbain Potentmm 

OF THE FbOO 

A Frog 42 grama mjeoted with 2 6 mgm per kgm atropine and pithed Record 1— 
before, Record 2—1 minute, Record 3 — 7 minutea after injection of 0 12 mgm Agm prostig 
mine Amplitude 16 mm W micro volts, channel 1, speed 3 cm per 1 second 

B Frog 42 grams 2 6 mgm Agm atropine, pithed Record 1 — 10 minutes after injection 
of 0 12 mgm proatigmme Record 2 — immediately following injection of 40 miorograms 
per kgm acetylchorme, Record 3—1 minute later Amplitude 16 mm 60 micro volta, 
channel 2, speed 3 cm per 1 second 


was markedly increased as for instance foUowmg bensednne, did prostigmine 
mcrease further the heat production In frogs injections of 0 2 to 1 0 mgm per 
Irgm prostigmme were followed by a decrease m the amphtude and frequency of 
the potentials (fig 4, A) Administration of atropme did not influence the effects 
of a subsequent mjection of prostigmme The depression of the electncal acbv 
ity of the bram contradicts the assumption of a stimulation of central synapses 
by prostigmme Whether this depression is due to a direct effect upon the syn- 
apses or mdirectly through inhibition of stimulatory reflexes remains to be seen 
Our findmgs appear to be comparable to the mitial effects observed by Chatfield 
and Dempsey (1941) who on applymg prostigmme directly to the cerebral cortex 
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of cats recorded a transient depreamon of epontaneous activity both at the area 
of nppbcation and elsewhere 

Acetylcholine (0 00 to 0J2 mgm. per kgm ) increased for a penod of 30 seconds 
the dectncol actlvitj of tho brain in frogs ^ch had received atropine and pro- 
stigmine pnor to tho injection of acetylt^ollne (fig 4, B) The short phase of 
stimulation was followed by a long lasting depression of tho electrical activity of 
the brain. Ghatfield and Dempsey (1641) also observed an Initial increase m 
spontaneous activity followed by rapid potentials of lower voltage when acetyl 
(ioline was applied to the cortex of cats which hod recci\'ed proetigmlne 

6 Ntcdtne godxum rnonmodo acfUUe and sodium cyantde It has been shown 
(Libot and Gcmrd, 1938, (jemrd and labot, HMD) that the topical appUcation of 
a 0 6% solution of nicotme to the exposed lobl oUactorii of a fre8hl> amputated 
frog head abolished the wink refiexes elicited by touching tho eye or nostnl 
abolished visual action potentials evoked b> riilning light m tho oyo, and pre^ 
vented the changes m olfactory bulb potentials otherwise produced by stimulation 
of the olfactory nerve*. Similarly, m cats blocking of reflexes from tho thalamus 
spmal cord and the brain stem were obeerved following the intravenous Injection 
of large doses of nicotine (2 6 mgm perkgm) These observations were inter 
preted ns blockade of synapses in tho central norvona system by nicotine. 

The mjection of mcoUne in doses of 3 to 15 mgm per kgm m pithed frogs 
caused an immediate acceleration of the brain waves from 6 or 0 to 10 or 15 per 
second (fig 5 A) This phase probably due to a stlraulotlon of central sympa 
thebe synapses lasted for about 10 minutes and was followed b} a gradual de 
crease in tho frequency of the waves. Rfteon to twenty rainut« later, no elec 
tncal potentials could be recorded althou^ the electrocardiogram remained 
unaltered These findings differ from those of Gerard and Libet (1640) who 
observed on the isolated frog bram on increased amphtude of the potentials but 
unaltered or decreased frequency of the waves following mcotine. It seems 
possible that this phase of *parasympathetio * sthnnlation of the lobi olfactoru 
may have been masked in our experunents by tho * sympathetic stimulation of 
the hemispheres of the frog- 

In view of the fact that m the presence of nicotine bram tissue is able to oxidise 
glucose but unable to metabolise lactic and pyruvic adds (Baker and Himwich 
1638) the effect of monoiodoacetic aad on the ED G was studied Monoiodo 
acetic add inhibits the ensymatic hydrolysis of carbohydrates in the tissues and 
thus decreases tho formation of lactic aad (Lundsgaard 1929) The mtralym 
phabc mjectiOD of sodium moaolodoacclate even in very large doses (100 mgm 
per kgm ) caused, in contrast to nicotine, no immediate alteration of the brain 
potentials After 5 to 10 nunutce the amplitude of the potentials began to de 
crease slowly after aboqt 30 minutes, even with TnanmiTm amplification, only 
faint potentials could be recorded The alow disappearance of the electrical 
activity following monoiodoacetio acid during this penod is probably mdlcaUve of 
the low metabolic rate of the brain tissue During this phase of monoiodoacetio 
aad poisocung the heart actiem and circulatioD remained unaffected The frog 
usually succumbed to 100 mgm per kgm of sodium monoiodoacetate after 2 
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hours An inhibition of lactic acid formation appears not to be responsible for 
the suppression of the electrical potentials, smce the administration of hthiuin 
lactate to the frogs treated with monoiodoacetic acid failed to restore the elec 
tncal potentials 

A combmation of monoiodoacetic acid and mcotme shortened the phase of 
mcreased electrical activity which followed mcotme alone and led to a more 
rapid decrease and disappearance of the electncal potentials than either substance 
alone Gerard and Libet (1040) also found that the combmation of these two 
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Fio 6 Eftect op Nicotine and op SoDrcm Monoiodoacetate on the Bbain 
Potentials op the Feoo 

A Piog 43 gram, pithed Record 1 — before, Record 2 — immediately after, Record 3— 
8 minutes after injection of 10 mgm Agm mcotme Amplitude 12 mm 20 micro-volts, 
channel 3, speed 3 cm per 1 second 

B Frog ^ grams, pithed Record 1 — ^before, Record 2 — 2 minutes after. Record S— 
8 minutes after injection of 80 mgm /kgm sodium monoiodoacetate Record 4 — iramedi 
ately after 10 mgm Agm nicotine (2 nunutes after Record 3), Records — 11 minutes later 
Amplitude 12 mm 20 micro volts, channel 2, speed 3 cm per 1 second 

substances suppressed the stimulatoiy phase of nicotine, although monoiodo- 
acetic acid alone (0 004 molar) in their experiments caused a transient mcrease 
m the frequency of the waves from 6 to 15 per second together with a considerable 
decrease m amplitude 

The effect of sodium cyanide was compared to that of monoiodoacetic acid 
In the isolated frog brain, sodium cyanide (0 003 to 0 005 molar) causes a decrease 
in the amphtude and mcrease m the frequency of the electncal potentials, which 
may persist for hours (Gerard and Libet, 1940) In our experiments, the mjec- 
tion of 60 mgm per kgm of sodium oyamde was followed by a transient phase of 
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increased frequency of tlio brain potentials. Tho amplitude of the potentials 
and laicr also the frequency of tho waves decreased gradually Upon repeating 
the injection of sodium cyai^e the clectncal activity of the brain ceased com 
plet^ althou^ the heart was still beating regularly These findings m agree- 
ment with the results of Gerard and libet, bear evidence of the remarkable 
resistance of the frog bram against anoxia. 

6 Thummt Curare-like effects of excessive doses of thiamme have been 
reported by Demole (1038) While rats following the intravenous injection of 
o3 gram per kgm. succumbed to respiratory paralysis frogs receiving 1 5 gram 
per kgm sherwed a reversible paralysis during which the muscle remained respon 
give to direct stimulatKm In confirmation of Demde s observations we found 
that mjectiona of 1 0 or 1^ gram per kgm of thiamine paralysed frogs for about 
24 hours and that prostigmine accelerated the recovery These curanimg effects 
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Fio 0 Emcr or TauMnn oir the Puiutiau or m Fboq 

Pfoc S5 Pam. pithed Record I— before Record 3 miootee Record 3 — 44 mlaatea 
Record 4 — 120 minatee and Record 150 minotee after tbe Injection of 0 mjm /kem thla 
mine AxnpUtadel6mnL.&Omlcro rolta ehannelS speed 8 cm. per 1 eeeond 

of thiamine and the observations made on the inhibition of synaptlo transmission 
in the plexus of Auerbach (Unna and Pick 1944) prompted us to study the effect 
of thiamine upon the EX.G of the fn^ ba etudies on the E.B.G of pigeons it 
had been shown that thiamine foiled to Influence the eleotnc&l activity of the 
normal pigeon’s brain, the administration of thiamine to avitaminotic pigeons 
however produced a reversion of the altered potentials toward noemal (Tokajl 
and Gerard 1939) In man, the oral and intravenous administration of 100 
mgm of thiamme daily over a period of 6 to 9 weeks failed to cause an alteraboci 
of the E£ G of schitophrenio patients (Rubin, 1939) 

In pithed frogs, thiamine in doses of 3 to 10 mgim per kgm. caused a transient 
mcrease in the frequency of the brain waves. After several minutes tho fre- 
quency and the amplitude of the potentials decreased considerably In the 
majonty of the expenments the electrical activity was completely suppressed for 
sev'eral hours (fig 6) Prostlgmlne was ineffective in counteracting the effects of 
thiamme on the EJELG 

The mhibltion of the electrical activity of the brain apparently paralleled the 
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effect of thiamme on nervous transmission in sympathetic gangha (Unna and 
Pick, 1944) Whether the effects of thiamine obserred in the EJE G were ac- 
companied by an alteration in carbohydrate metabohsm has not been studied 
However, the depression or complete suppression of the brain potentials f oUowing 
the administration of thiamine would mdicate a severe derangement of the normal 
metabohc processes m the bram tissue It is well known that thiamme may 
inhibit cholinesterase (Glick and Antopol, 1939) and phosphatase (Ghck, 1942) 
two enzymes playmg an important role m metabohc processes associated with the 
transmission of nerve impulses Smce acetylchohne m large amounts paralyzes 
the synapses of the central nervous system (Bonvallet and Mmz, 1938, Schweit- 
zer and Wnght, 1039, Chatfield and Dempsey, 1941) it appears possible that the 
inhibition of the electncal activity of the frog bram obtamed by thiamme is due 
to an accumulation of excess acetylchohne 

Discussion The experiments herem presented demonstrate that substances 
which block the myoneural junction (d-tubocurarme, dihydro-beta-erythroidme, 
quinme etbochlonde, niootme and thiamme) are also able to mfluence the electn- 
cal activity of the frog bram The effects observed m the EP! G of pithed frogs 
consisted m a decrease of the frequency as well as a dimmution of the amphtudes 
of the potentials which could be entirely suppressed by larger doses With 
curare and erythroidme the doses effective m decreasmg the electncal activity of 
the brain were sbghtly larger than those which block the transmission at the 
myoneural junctions On the other hand, thiamme suppressed the electncal 
potentials of the brain m doses representing only 1/20 or 1/60 of those effective 
on the myoneural junction However, these amounts of thiamme appear still 
to be considerably larger than the mmute quantities necessary for an adequate 
functiomng of carbohydrate metabolism 

The effect upon the EJE G of all substances studied, with the exception of 
qmnme etbochlonde, differed from that on the myoneural junction m that the 
mhibition of the electncal activity of the bram was of considerably longer dura- 
tion and persisted after the function of the myoneural junctions was restored It 
appears likely that the changes observed m the E E G mdicate a blockade of the 
synapses of the central nervous system by these substances as mdicated pre- 
viously by experiments with mcotme (Libet and Gerard, 1938) The inhibition 
of the electncal activity of the bram foUowmg monoiodoacetic acid was to be 
expected from studies on the inhibition of the carbohydrate metabolism m the 
frog’s spmal cord and the loss of spmal reflexes foUowmg the administration of 
this substance (Ledebur, 1932, Holmes, 1033) However, hthium lactate, m 
contrast to its partial effectiveness m restonng the functions of the spmal cord 
poisoned with monoiodoacetic acid failed to counteract the effects of monoiodo 
acetic acid on the E E G Sodium cyamde, m a manner similar to that of 
monoiodoacetic acid, inhibited and almost completely suppressed the electncal 
activity of the frog bram 

The effects observed m the E E G differ from the penpheral effects of these 
substances further m that the effects on tiie central nervous system are not re- 
v'ersed by prostigmme Prostigmme alone depressed the electncal activity of the 
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frog bram SchweiUer, Stedman and Wn^t (1939) have demonstrated that 
proetigmine depressed spinal redexes m cats and may even abolish strychnine 
convulskins by its inhibitory effect upon the spinal cord Recent clinical obecr 
vadons (Rabat and Knapp, 1944) mado on cases of spasticity treated vnth 
prostigmine have led to the assumption that the therapeutic effect may be 
attributed to an inhibition of propnocepUve reflexes in tho spinal cord by 
proetigmme. 

The increased use of curare and of substances with a curare-like action in the 
therapy of spasticity has renewed tho interest in the action which these sub- 
stances have oo the central nervous system West (1937) reported that the 
relief from spasticity rs not associated with the true curare action at the neuro- 
muscular junction and concludod that tho beneficial effect in certain patients is 
due to a central effect ( Tisiive action) Our findings with d tubocuranne 
dihydro-bcta-erythroidine and quinine ethochlonde emphaaiM that consideration 
should be given to the effects on the central nerv’ous system which these sub- 
stances may exert m the treatment of various neurologic conditions 

More recently curare has been used as an adju\ant m relaxing abdominal 
muscles during Inhalation anesthesia, particularly by cyclopropane (Griffith and 
Johnson 1942, Cullen 1943) It has been found useful espmally for patients 
who are resistant to the anesthetio agent (Baird and Adams 1944) However 
the application of curare in patients as well as in dogs has shown (Cullen 1943) 
that this drug alone failed to produce a satisfactory relaxation of tho penpheral 
muscle and that the combinaticm with scopolamine and the anesthetic agent was 
necessary to produce and to maintain a satisfactory reloxatiam The findings 
present^ in this paper in particular the potentiation by curare and dihydro- 
beta-erythroidme of the effect of anesthetics on the heat production m certam 
parts of the brain, direct attentioa to the poasibHity that the effects of curanxing 
drugs oo the central nervous system contribute a significant share In the thora 
peuUc effects obtained by clinical investigatora In vwrr of lh<? inherent danger 
m tho admmtttratioD of curorumg drugs, it should be pointed out that proetig 
mine which counteracts the action of these drugs on the neuroanuscular junction 
itself suppresses the dectrical activity of the bram Consequently as wonld be 
expected prostigmme fafled to reverse tho depression of the electneal ootivity of 
the frog bram caused by cursmnng drugs. 

SUIEUABT 

1 Crystalhno d tubocuranne, dibydro-beta-crythroidme quimne ethoohlo- 
ride mcotine and thiamine inhibited and suppressed the electneal activity of the 
frog brain. 

2 Prostigmino which itedf depresses brmn potentials, failed to influence the 
effect of these substances on the brain potentials although it counteracted thdr 
effects on the neuromuscular junction 

3 Prostigmine partially inhabited the electneal activity of the frog brain a 
subeequent injectaoo of acetylcholine suppreesod the electneal activity com 
pletely 
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4 Monoiodoacetic acid and sodium cyamde abolished the brain potentials of 
pithed frogs 

6 The findings are mterpreted as an inhibition of central synaptic transmission 
by curare and substances with a curare-hke action 
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CHEMOTHERAPY AND ANTITOXIN THERAFl OF EXPERIMENTAL 
CL. WELCHU INFECnON IN MICE* 

CHARLES 0 BIEBENMANN ato HELEN PLUMMER 
From Ua CoTMougki LahortUoruMf of Toronto 

RocelTvd for poblieatloa Decenbor 6 1944 

In eontrast to the great progress T7bich the advent of the sulfonamides marked 
in the treatment of infections caused by vanoua pathogenic coca the sulfona 
mide therapy of anaerobic ■vround infcctaons has until reccntli prcFved of only 
Innited value Reportsfrom the present vrar (1) indicate that local sulfonaimde 
treatment of wounds even when preceded by surgical cleansing of the potentially 
infected area, cannot b} itself be rehed upon as a safe method for preventing the 
development and spr^ of gas gangrene There are chnkal reports (3 3) 
however, which suggest that a combination of local sulfonamide therapy with 
the early admmistratian of antitoxm may be more effocti\*e than the uso of either 
drug or serum alone. Hist clinical tnals of penicillin in the treatment of gas 
gangrene (4, 6) have given encouraging results, though there are indications that 
the simultaneouB administration of antitoxin may be indispensable. 

In dealing with this problem one has to take Into account that gas gangrene 
may be caused by sevei^ species of dostndia and that the frequent lack of an 
early differential diagnosis adds to the difEculUea of comparing undor war condi 
iiOQs the effectivencsB of different treatments It appeared desirable, therefore 
to assess in laboratory animats experimentally infected with definite speaes of 
pathogenic dastndla, the value of cbemotherapy and of scrum therapy as well 
as of the combination of these. 

Eigiemnental evidence has been presented by previous workers (0-9) which 
indiettes that the combination of chemotherapy with antitoxm therapy may give 
better results than either drug or serum alone The rcccait study by Mclnloeh 
and Sdbie (0) inchidea experimental use of penicQhn confinnmg its activity 
against Cl, wekht as reported by Hao and Hubert (11) 

A new compound whidi appecued to be of particular mterest for mdusion m 
our study is p- (ammo-methyl)-benxenesulfonamide. It was claimed by Domagk 
(12) and Klarer (14) to possess a mariced activity against dostridia though 
Miller et ah (16) had previously described It as ineffective against streptococci 
This sulfonamide, used in Oennany under the name of , ^as lyn 

thesixed m our laboratory in 1943 with the assistance of John R. Policy It was 
ccanpared m regard to its activity agamst dostridia with other chemotherapeutic 
agents Induded among these were N* benityl eulfanilamide* (No 191), a 
compound of low tonaty and marked activity against pneumococci (16 17), 

> Thif isTCstlpition vu support«d by a grant In aid from tha Nations] Heaearoh Council 
Id Ottawa (MP 2S) 

I Effectiveoeef of thia culfonamide in gam gancreitfl was found by Prof Q B Rc«d 
(Quean a Unirenity Klnsston) to wbom the druc was ■ubmltted for trial In 1943 
71 
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as well as sulfatbazole previously descnbed as givmg some protection against 
experimental gas gangrene (10, 18-22) 

The first part of this study, as presented here, deals with Cl welchii mfections 
According to recent reports (23) it appears that Cl welchtt still constitutes, as 
it did m the last war (22), the mam causative agent of gas gangrene, though it 
18 frequently found associated with other anaerobic and aerobic pathogens (24) 
For our m\ estigation the following general plan was followed To determme , 
agamst Cl welchtt mfections m mice the effectiveness (a) of vanous chemo- 
therapeutic agents, mcludmg pemcillm, (b) of antitoxin and (c) of the combina- 
tion of chemotherapy with antitoxm therapy 
Methods Infeclton of mtce A stram of Cl welchtt (B P 6 K ), as used by 
Dr Edith Taylor for the production of perfnngens tovin was found to have a 
satisfactory virulence for mice Its virulence was mamtained by weekly pidgeon 
passage For each mouse experiment a fresh 4 hour (37°C ) subculture, grown 
m beef heart casern hydrol 3 fBate broth, was used The centnfuged growth was 
washed and resuspended m beef broth A broth dilution was prepared to con- 
tam approximately four milhon bacilh per 0 05 cc , using a hemocytometer for 
makmg a direct microscopic count (Armstrong and Rae, 1941 (20)) This sus- 
pension was further diluted immediately before use mth an equal volume of a 
5% calcium chloride solution Of this mixture 0 1 cc was used as a test dose for 
intramuscular injection mto the median aspect of the nght thigh The presence 
of 2 5 mg calcium chlonde m each test dose proved adequate to insure maximum 
virulence of the culture, though twice this amount was used for the mitial experi- 
ments 

For each experiment a subculture dilution count, usmg semisohd nutrient agar 
tubes, was made which confirmed the presence m each test dose of 2 to 6 milhon 
viable clostndia (average of 3 6) For nuce of 19-22 grams this dose corresponds 
to 5 to 10 m 1 d ’s 

The deaths were recorded up to the 10th day after infection Some of the 
mice were kept under observation for an additional 10-14 daj^s and were finally 
used for studymg their resistance to a second infection with Cl welchtt 
Admtntslraiton of therapeuitc agents Sulfonamides For local mjection mto 
the infected area, the sulfonamides were given as a finely ground suspension 
(or solution) m 0 8% sodium chlonde solution, contammg 1% gelatine For 
oral admimstration the drugs were suspended (or dissolved) m a 5% gum acacia 
solution and fed twice daily for three days by means of a stomach tube, the first 
dose bemg given one hour after infection For all sulfonamides the dosage used 
lay far below the toxic level The only exception was the mtravenous adminis- 
tration of 10 mg MarfamI, as twuce this dose proved to be toxic for mice The 
mtramuscular and oral administration of Marfanil (up to 50 and 200 mg re- 
spectively) were well tolerated 

Pcntcdltn Pemcillm as produced by the Bantmg Institute was used Dilu- 
tions of the sodium salt were made up m 0 8% sodium chlonde solution and 
mjected mtramuscularly m 0 1 cc amounts at the site of infection Similar 
solutions were used for mtravenous mjection 
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Anltloxin. Polyvalent Gas Qangreno antitoxin was uaed aa prepared for the 
Armed Forces by the Connaught Laboratones It contained per co 746 unita 
of Perfringens antitoxin In addition to 370 units of Septiquo antitoxm and 746 
units of Oedematiens antitoxin The initial dose contained in 0.3 cc , was 
given mtniperltoneallj, one hour after Infecting the mousQ In the case of early 
treatment and four hours after mfection m the case of late treatment. In 
either case the treatment was repeated subcutaneously once daily for three days 

Results, (a) Chemotherapif In determining the activity of various drugs 
m the early local Irtalmenl of Cl tctichit infections m mice it ViTIS found that of all 
sulfonamides tested Marfanil is by for the most acti\'e As may bo seen from 
table 1 0.5 mg Marfanil is as effective or more effective than 2 mg of the other 
sulfonamides mcludlng sodium sulfadianne The only chemotherapeutic agent 
which for local treatment compares favourably with Marfanil is penicillin 
The dose of 2 mg Marfanil Is equivalent to 60 units of peniclUm savl^ tho life 
of approximately 90% of the infected mice Higber doses of Marfanil offer no 
advantage 

In view of the marked activity of Marfanil and of penicillin in local therapy 
it was of importance to find out how these two thcrapoutio agents compare when 
administered by other rrxitcs In table 2, a comparison is recorded betvrecn local 
chemotherapy on one hand and Intravenous or mtramuscular therapy on tho 
other In the case of penicHlin, a dose of 60 units represents an effective dose for 
early local treatment but this eame dose la ineffective when given intramuscularly 
into the thiih of the non infected leg. However vrhen the dose is increased 
fiv efold to 250 units it becomes nearly as effective os the 60 units injected locally 
at the mte of infection A single mtmvenous injection of penicillin (250 units) 
xs foiriy effective when administered one hour after infection. When givon as 
late as four hours after infection, it is without effect The mice so treated all 
die in leas than 24 hoins after infection 

The Marfanil treatment (table 3) differs essonUally from penlcUlm treatment 
m that its useful effectiveness is lunited to local application. Tho early intra 
muscular injecticm into the non Infected leg of 10 mg Marfanil correeponding 
to five tunes the locally effective dose does not giv*© the mice a satisfactory pro- 
tection. This equally applies to the enriy (one hour) Intravenous administration 
of 10 mg Marfanil whidi saves the life of only 20% of the mice, in contrast to 
86% in the case of penimllm 

In studying the effect of oral admxntMratwn of nlSonamxdct (table 3) it was 
foimd that, against the intramuscular mfeotioo of mice with 6 to 10 mXd.’s of 
Cl tvdehu, Marfanil is ineffective whereas sulfadiailne and especially sulfa 
thiasole (4 mg. twice daily) delay death noticeably leaving the occasional 
aumvor 

That oral administration of solfonamidee may under more favourable coadi 
tions have a more beneficial effect is shown by an experiment (table 3) in whidi 
sulfathmiole sulfonamide 191 and Marfanil were fed in larger doses (10 mg. 
twice daily) to groups of 10 mice, infected intramuscularly with imly 1 to 2 
mi.d 8 of C7 weliJnt Under this condition Marfanil and sulfonamide 101 af 
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fotrled protection to 70% and 00% respectively, whereas with sulfathiazole all 
mice survived 


TABLE 1 

Local cftemolherapy of Cl wclchu in^eeiton tn mice 
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* Local intramuscular injection one hour after infection 

t 2-eulfanilamido4 methylpynmidino described by Roblin et al (36) and 'Welch et al 


1 2-eulfaniIaimdo-4,6-<liniothyIpyninidino described by Macartney et al (38) 

5 Local intramuscular injection four hours after infection 

Grateful acknowledgement is made of the following supphes fenlfadiaiine and its 
methyl donvativo received from Dr K O Roblin, American Cyanamide Company, and 
Bulfamethaime from Dr C M Scott of Imperial Chemical Ltd 

Local chemotherapy mth drug mvclures In -view of the frequent presence in 
wounds of staphylococci and streptococci, the admixture to Marfaml of other 
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ffulfonocudea -which arc cffccti\'e against pathogenic coca, appears justified 
Two different mixtures of sulfathiaaola with Marfanfl (1 1 and 7 3) were tested 
in mice (table 4) On a weight per wei^i basis, both mixtures are less effective 
thanMarfanil alone, which resultraaybecxpectedm view of the vciymuch lower 
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* AdnhktvtCTed twice (UHy for 8 <Uj« Flrvi treatmant one hour after infection 


activity of sulfathiaiole in the local treatment of Cl wkhtt infections (see table 
1) The results indicate that tiie acti-vity of such mirUirca Increases with their 
Marfanil content. 

In order to test for a poesible mdstenco of synergism between peniaUm and 
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sulfonamide treatment, two groups of mice were compared (table 4), the mice 
of both groups bemg mjeoted locally with 10 units of pemcilhn one hour after 
infection, but one group receivmg m addition 2 mg of sulfathiazole suspended m 
the pemalhn solution Although the number of mice used was small, the results 
do mdicate that for the early treatment of Cl wdchn infections such a combma- 
tion offers no advantage over the use of pemcilhn alone 
As a third possibihty of combmmg for local treatment different types of chemo- 
therapeutic agents, sulfcUhiasole-proflamne mixtures were tested Such a mixture 
(100 1) has been tned previously m the treatment of experimental Cl vxlckti 

TABLE 4 


Local chemotherapu <>/ 01 vtelchii tnfechon »n mice Tattng of drug mizturea 


CnrOLX TXZATUEKT 
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Time after 
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KO or KtCZ 
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Marfaml, alone 


1 mg 


10 

90 

Sulfathiazole, 1 part + Marfaml, 1 


fl mg 


20 

76 
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\2mg 


20 

76 

Sulfathiazole, 7 parts -f Marfanil, 3 
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2 mg 

10 mg 

10 mg 

1 

1 

4 

10 

10 

16 

40 

90 

0 

Pemcilhn, alone* 


10 units 

1 

16 

40 

Sulfathiazole' + Pemcilhn 

{ 


1 

16 

26 

Controls 

30 

0 


* Suspension in penicillin solution 


infections (9) In two experiments (not recorded m table form) groups of 20 
(2 X 10) mice received the followmg local chemotherapy one hour after infection 
A 2 mg of sulfathiazole, 

B 2 mg of a sulfathiazole-profiavme mixture (100 1), 

C 2 mg of a sulfathiazole-proflavine mixture (9 1) and 
D 0 2 mg of proflavme 

The percentage survivals (10th day) were for group A— 16%, group B— 36%, 
group C— 50% and for group D— 25%, mdicatmg that the sulfathiazole-pro- 
flavme mtxtures were somewhat more effective than either the sulfathiazole or 
the proflavine alone Even the best results (group C), however, do not measure 
up to the 80-100% protection obtamed regularly when usmg 2 mg of Marfaml 
for local treatment (table 1) Judgmg by percentagesurvivals, thesulfathiazole 
proflavine mixture B (100 1) is about equivalent to the sulfathiazole Marfaml 
(7 3) mixture (see table 4) 

Gangrenous Imons Although some of the described forms of chemotherapy 
effective m saving the lives of a large percentage of the infected mice, they do 
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not os a rule prev ent the development of the local anaorobio infeebon which may 
take the following fonna 

(a) edema of the thigh or of the whole leg frequently followed by 

09) a state of typical gangrene, which d<q)ending on ita extent may lead to the 
loes of the whole limb or of the lower part of the leg In eome cases the 
infection of the thigh does not lead to this advanced gangrenous condition 
but pCTsista an 

(7) a local subacute infeebon forming either on open wound or a deep scar 

Mice whldi owing to chemotherapy, survive tho third day, do as a rule Uve for 
several weeks irrespective of whatever local leacais they develop The control 
raloe receiving no treatment die within less than 48 hours usually within 24 hours 
and frequently show local swelling but no fully developed gangrene. 

The injecbon into the thigh of normal mice of 2.5-^ mg calcium chloride 
contamed m 0 I cc. of broth, produces no toodc symptoms apart from eome local 


TABLE 6 

ArdiUfsln tkfnxjrTf oj Cl weichti in/tthon fa mice 
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Dent** 1 

l&tarutfawl Untta I 

TW« eftar 

nlectin 


y 



% 

3 

1 

S 

ao 

30 

6 

1 

1 

30 

85 

26 

1 

3 

20 

35 

2S0 

1 

3 

30 

SO 

25 

4 

4 

86 

60 

Controli 

0 

SO 

0 


* Hnl antitoxin treatment (iTen intraperitooeeily Do*« repeated ■ubcataoeotuly 
onee dally for three days alter Infeetlon 


swelling and a temporary inacbvation of the leg without leaving a visible lesioo 
Higher doses (10-20 mg ) are tone, frequently kilHng mjce within 24-4S hours 

(b) Anhlmn therapy The effect of early admioistrabon of perfringens anb 
toxin was studied comparing different dosages (table 5) A dose of 25 Inter 
nabonaj Units correspondmg to 60-80000 units for a human adult mjected 
rntrapentoneahy one hour after infeebon repeating the dose subcutaneously once 
daily for three days, protects 05% of tho mice. However as in the case of 
chemotherapy, the antltozm treatment is mcapable of p r even tlDg the develop- 
ment of the local infection in a large percentage of the animals. Even when using 
overwhelming doses of anbtoxm (250 International Units daily) such local 
lesions still develop 

For the late treatment of CL wleJm infections antitoxm therapy proves to be 
definitely supenor to penicillin treatment. When the latter is given four hours 
after infeebon either locally (table 1) or intravenously (table 2) it is ineffective, 
while antitoxin (table 6) is stfll capable of saving the Uvea of 00% of the mice 
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(c) Combxnatvm of chemotherapy with arUtloxtn therapy Por the study of the 
combined effect of drug and serum treatment of Cl toelchtt mfections, such forms 
of chemotherapy had to be selected which by themselves give a relatively high 
degree of protection when a sufficiently high dosage is used However, m order 
to detect a possible synergism between chemotherapy and antitoxm therapy, 
the dosages used for the combmation expenments Imd to be chosen so that 
neither the drug nor the serum alone would save more than 60% of the infected 
animals This consideration apphed both to the local chemotherapy with Mar- 
fanil as well as to the oral administration of sulfathiazole As may be seen from 
the results obtamed m usmg such combination expenments as recorded m table 
6A, there is defimte evidence of synergism between serum and drug treatment, 
both m the case of local Marfanil therapy as well as oral administration of sulfa- 
thiazole In both cases the percentage survivals as obtained with the combmed 
treatments are significantly higher than those obtained inth either the drug or 
the antitoxin alone 

A convement method for recording results of such expenments, permittmg a 
comparison of vanous treatments, is shown in figure 1, where the percentage 
survivals are plotted against time Here the combmation of antitoxm treatment 
with the local administration of Marfanil (table 6A) is taken as an example It 
shows a characteristic feature of all CZ welchu expenments, which is that more 
than nine-tenths of all deaths occur before the end of the third day, a pomt 
already emphasixed when descnbing the local infections (see above) 

Of special mterest is the findmg that the combination of early sulfonamide 
therapy with serum treatment, m addition to savmg the hves of a considerable 
number of mice, has the advantage over the use of either drug or serum alone, 
of reducmg the occurrence of gangrenous lesions at the site of infection (table 
6A, col 7) 

This particular advantage of the combmed treatment becomes an outstandmg 
feature, when large dosages are used (table 6B) Here, both the serum as well 
as the drug alone are capable of savmg the hves of 80% of the mice and the only 
advantage of the "sero-chemotherapy" finds expression m a reduction m the 
number of severe local infections observed 

Essentially the same results were obtamed when compaiing the combmation of 
local pemcdhn therapy with large doses of antitoxm (table 6B) The best results 
as regards percentage survival and prevention of local lesions, were obtamed m 
combimng repeated local pemcdhn ffierapy with antitoxm therapy, usmg for the 
latter a dosage of 26 International Units per 20 gram mouse (table 6C) Only 
four of 30 mice so treated showed defimte local lemons 

Of great practical importance is the question whether there is synergism be- 
tween pemcdhn and antitoxm therapy m the case of late (4 hr ) treatment of 
Cl welchxt infectioiiB As shown previously (tables 1 and 2) pemcdhn alone is, 
under these conditions, without effect, whde antitoxm alone is -capable of savmg 
the life of some of the infected animals (table 5) The expenments recorded m 
table 6D mdicate that the combmation of late mtramuscidar mjection of large 
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TABLE® 
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7), observed m using the combined treatment, further adds to the evidence 
presented above, which demonstrates the value of "sero-chemotherapy” in 
Cl wdchit infection 

(d) Recovering Cl welchit from (he infected mice Of 196 control mice, which 
had not received treatment, and which died withm less than 48 hours after m- 
fection, the heart blood was tested for the presence of Cl welchn by mocculatmg it 
by means of a capillary pipette mto semi-sohd nutnent agar Only m the case 
of 61% of these mice did Cl uelchtt grow (37°), showing the typical lanceolate 
colomes This particular stram of Cl icelchtt (B P 6 K ) proved, therefore, to be 
less mvasive than two strains of Cl septicum, which we used, m which instance 



Fia 1 Tbeatuent of Cl. welchu Iafectioh in Mice with Combination or Local 
AlAaFANiL Thebapt w it h Stetemio ADinNisTKATioN or Antitoxin — (See Table 6, A) 

more than 90% of the untreated mice showed after death the presence of Cl 
sepltcum in the blood 

Thirty mice, which despite receiving treatment, developed gangrenous lesions, 
were killed between the 13th and 21st day after infection Of each mouse a 
piece of tliigli muscle was placed mto Robertson’s medium (37°C ) In every 
instance Cl voelchit dev eloped, irrespective of what form of treatment the mouse 
hadreceived 

(e) Resislance lo a second infection icith Cl iceUJiii In order to test whether 
the survivmg mice had developed some immimity against Cl icclchtt, two hundred 
and thirty-nme surviv ors were remfected with 6-10 m 1 d ’s of Cl icelchit culture 
three weeks after the first mfection Five days later the results showed the 
following percentage survivors 61% of 148 treated wnth sulfonamides (sulfa- 
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thiaxole snlfadiaiino, tulfninotbazmo^ MiirfaniJ N’ benxoyl Bulfanllamtde) &nd 
21% of 91 treated with pcDidflin From these figures it appears that the mice 
which had undergone solfonoraide treatment developed more frequently a re 
nstance to a second infection than those which had received penldOm 

In a study, to bo reported olsewhere of the absorption of solfonamidcs and of 
penicillin after intramuscular injcctioo In mice, it was shown that tho above re- 
corded resistance to a second infection is not caused by the possible presence m 
the muscle of remafnmg traces of the drugs with which the mice had been treated 

Dibcussion a marked stipenonty of Marfanll over other sulfonamides m 
the treatment of anaerobic infections, as claimed by Domagk (12) Is confirmed 
by our experiments, os for as C/ wtehtt is concerned Howc\Tr, in agreement 
with a recent report bj Homre ot al (29), w© found this activity essentially 
limited to the load application of this dreg while Domagk claims Morfanil to be 
effective both m oml and local odminlstratioft. In our oxpencnco (table 3) 
only in the case of a very bght infection, is tho oral administration of hfarfanil 
effective This ma> explain the inability of scano German workers (30) to 
confirm Domagk s finding In using Marfanll subcutaneously m mice against 
experimental gas gangrene, Schreus et al (31) found tho dreg ineffective whilo 
later expenmenU (32) indicated that tho dreg is active whan applied at tho site 
of infection 

In contrast to Hsmre et ol (29) we found the local activity of sulfadiaxine and 
its sodium salt consistently lower than that of Marfand Owing to its marked 
“m vivo' ootintj agamrt Cl vtlchtt, as well as against Cl «phcwn os shown bj 
Domagk (12) and m our stQl unpublished work Marfonil a of practical interest. 
This IS further emphosiied by reports by Domagk (13) and by Schreus (33) that 
in contrast to other sulfonamKlcs Marfaml docs not lose its activity m tho 
presence of p-amlnobenwic acid As p ammobcnrooc acad proves to bo on 
important metabolite synthesited by many pathogenic baotena (34) a recent 
report (35) of favourable results obtamed with Marfanil in the local treatment of 
general wound infections, deceives attention Anliclostndial activity similar 
to that shown by Marfanil has recently been dreenbed for three other derivatives 
of p toluene sulfonic aad (89) 

Althoo^ our exiienracnts show in agreement with thoeo of previous workers 
(10 18,21,25 26) that local sulfonamide therapy may prevent the fatal outcome 
of the anaerobic infection they further indicate that frequently the local infection 
is not eliminated but may develop mto a Be\’ere local leeion In some cases tree 
gangrene develops, Tho survival percentages or the average time of survival, 
often used for evaluating chemothempeuUo activity do therefore present on in 
complete picture of the limited effecth-eness of the treatment. The same con 
eidoration apphes to antitoxin and penicillin therapy which do not prevent the 
later development of the local mfoction m same of the sumvora. 

It has been shown previously (10 20 27, 28) that tho necrotic action of calainn 
chlonde on muscle tissue prepares a favourable milieu for tho development of 
the anaerobic infection AJthou^ tho injection of calcium chlonde (2 6-6 mg ) 
olonodoesnotproduceanypcrmanentviBible lesion it may bo argued that its use 
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in combination with the anaerobic infection, may give an unrealistic and un- 
favourable picture of the limited effectiveness of chemotherapy and of antitovin 
therapy Inducing such severe local infections has, however, the advantage of 
clearly revealmg differences m the effectiveness of various treatments Whfle it 
IS evident that, under the conditions of our experiments (table 6, A-D), neither 
chemotherapy nor antitoxm therapy alone ehmmate the local infection, the 
combmation of the two treatments markedly reduces the mcidence of severe local 
lesions, provmg thereby the supenonty of the combmed treatment 

The findmg that even large doses of antitoxin (table 6B) alone do not prevent 
the later development of gangrenous lesions, mdicates the absence of any marked 
anb-bactenal activity of the antitoxic serum 

The demonstrated development m mice of some degree of immuni ty to Cl 
welchzt, may explam why some of the treated mice, after sumvmg for the first 
few days, hve on for a longer penod, despite the pereistence of extensive local 
lesions 

The synergism between sulfonamide or pemcilhn therapy on the one hand and 
antitoxin therapy on the other, is hkelj due to the complementary nature of the 
two types of treatment, the former bemg essentiall> anti-bactenal, counteracting 
the mvasiveness of the clostndial infection, while the latter acts by neutrahsmg 
the toxm formed The experimental demonstration of such a synergism has 
practical imphcations It not onlj emphasires the necessity of early mtravenous 
admmistration of antitoxm combmed with chemotherapy, but it speaks m favour 
of sbandonmg the very large sulfathiasole doses, frequently used, m favour of a 
more moderate dosage, justifymg a recent trend m the treatment of gas gangrene 
as recorded by MacLennan (2) A moderate dosage has the advantage of greater 
safety avoidmg the possible ill-effects of critically high sulfathiarole blood levels 
m advanced cases of gas gangrene 

Although Msrfanil is more active against Cl welckit than sulfonamides of the 
sulfanilamide type, its limited effectiveness agamst some strains of Cl oedemaliens 
and Cl seplicum represents a defimte limitation, which m our expenence does 
not equally apply to pemcdlm However, a pomt m favour of Marfaml is its 
relative chemical stabihty 

As long as sulfonamides are used m the early local treatment of war wounds, 
the use of Marfaml, m conjunction with a sulfonamide, more sjiecifically active 
agamst pathogemc cocci, appears justified 

Our expenmenfe mdicate that irrespectiv e of what form of chemotherapy may 
be chosen, the administration of antitoxm at the earhest possible moment is 
imperative 

CONCLUSIONS 

1 In the early local treatment of Cl wdchn infection m mice p-{ammo- 
methyl)-benzenesulfonamide (Marfaml) proved to be considerably more effective 
than any other sulfonamide tested, mcludmg sodium sulfadiazme Agamst the 
particular strain (B P 6 K) of CT welchn, Marfaml was approximately four 
tones as effective as sulfathiazole There was no marked difference between 
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sulfatluasole eulfamethanne sulfamenxme, K’ bonroyl eulfanilAinide and 
sodium sul/adixme, while free solfadiazme was somewhat less effective. 

2 For the eariy local treatment, 2 mg- Marfanfl proved to bo equivalent to 
approximately 60 units of pcnicniln (corresponding to 0 03 mg crystallino sodium 
salt) On a weight per weigjit basis, and under the conditions of our experiment 
penicfllm was thcrcfoio about GO times more effectivo against Cl wtlefttx (BP 6 
K.) than hlarfanil The latter has, however, the advantage over penicillin of 
greater chonlcal stability 

3 Oral adnunistration of Marfoml proved effecbvo only in the case of h^t 
Infection When administered mtravenously in subtoxic doses (max. 10 mg per 
20 g. mouse) it gave little protection. 

4 For the eaTl> local treatment a mixture of sulfathiaxole with MarfanH 
(7 3) showed approximately the samo activity against CL wlchtt as a sulfathi 
aide proflavme (100 1) mixture Although sulfatbiaiole Marfanil mixtures 
are less elTcctivo against CL tcdchit than hlarfanO alone their possible advantage 
in the treatment of mixed infections warrants {n\ estigation 

6 Early sulfonamide therapy — In the form of local Marfanfl treatment or oral 
admlntatrution of sulfathlacde — when combmed with antitoxin treatment, saved 
more lives than dther drug or antitoxm treatment alone, in addition to rt^uemg 
the incidence of local gangrenous lesions 

6 Similarly a marked synergism exista between eariy local penicillin therapy 
and anbtoxm therapy 

7 Under the conations of our expenmenta, the antitoxio scrum was found 
to be the only therapeutic agent now available which in the case of late (four 
hour) treatment of CL vdehxi mfeettons is capable of savmg the life of somo of 
the infected mice. Its eflecUveness is markedly enhanced herwerv^ by simui 
taneouB intnunoacular admmistratioQ of large doacs of penidllm 

8 Borne of the mice which survived the infection owing to early chemotherapy 
pro\*ed resistant to a second infection with 6-10 mid 'a of CL ictlchxx ITus 
finding mdicates the development m the course of the infection of some degree of 
Humanity against CL xptlchn. 
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In ft recent paper (1) it T\'aa concluded that morphine is coadiiod by rat liver 
in nfro The evidence for this consisted in the fact th&t boiling in ftcid for 30 
minutes did not have anj effect on the amount of morphine recovered after 
meubation with liver allcea. It has now been shown thftt if the solution is 
autoclaved at 20 pounds instead of boiled morphine is quantitatively recovorod 
Le. conjugation not oxidation accounta for the disappearance of morphine This 
18 true for all the animals studied as ehovsii in table 1 

TABLE 1 

CcnjugalUtn of 1 0 mg wiorpkiM HCl by fOO mg (eel vtight) of ftr*r «Itca 
The alioet were lorpended la 4i) ce of Krebi bicsrbouite boIdUoq Id an stmoepbere 
of 96% ozTiea and 6% cBtrlKm dioxide for 8 boara at 37 Tb« morphine wm eatimaied 
with tbfl lUIco molybdie add reafent Autoelaved and imantodaTod eoatrola were used 

u itandardi 
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The properties of the reaction previously ascribed to the ooddation of morphine 
apply to the conjugation Further facts concenung the reaction as it occurs in 
dog Uver are as folloirs. The Uvers of five day old puppies conjugate the drug 
When 0.6 mg is added 08% is conjugated m 8 hours , 1 0 mg 56% 2 0 mg 
37% M/1600 mondodoacetio aad M/600 sodium ^Tuude, and M/60 sodium 

fluonde inhibit the reaction completely and conjugation cannot be restored by 
the addiboo of either glucuronic or acetio adds. Conjugation takes place in the 
absence of sulfate ion. Tests indicate that morphine is conjugated with glu 
curonic acid but large scale experiments must be done to prove tbtw, 

BUlOiABY 

Morphine is conjugated not ondiied when it is incubated with hver ahccs 
tn nfro 
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In a recent paper (1) it wae concluded llint morphino is oxidued by rat liver 
m tiiro The evidence for this consisted m the fact that boiling m acid for 30 
mmutea did not ha%e an> effect on the amount of morphine recovered after 
inenbatron with liver slices It has now been rfiown that if the solution is 
autoclaved at 20 pounds instead of boiled morphine is quontitatavcly recovered, 
i e, conjugation not oxidation accounts for the disappearance of morphino- This 
is true for all the aptmals studied os shown in table 1 

table 1 

CcsrtfjlQiimi of i 0 mg merpfan* HCl ky SCO mg (tr<t wrf^Al) of Imr eUeet 
Tbe abeoi were tutpended la ce of Kf«b« bleaxbootte solution Ln aa atmoepbere 
of 65% osyjea and 5% carbon dioxide for 8 boom at 37 Tbe morphine waa eatunated 
with tha iineO'moiybdlo acid nagent Autoclaved and uaaotoolavtd eootrola were uaod 
aa aUndardi 
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The properties of the reaction previourfy ascribed to the oxidation of morphine 
apply to the conjngaUon Further facts concerning the reaction oa it occurs in 
dog liver are as foUows The livers of five day old puppies conjugate the drug 
When 0 6 mg is added 68% is conjugated in 3 hours 1 0 mg 56% 2 0 mg 
37%- M/1500 monoaodoaceUc add M/600 sodium cyanide, and M/60 sodium 
fluoride inhibit the reaction completely and conjugation cannot be restored by 
tbe addition of either glucuromc or acebo acids- Conjugation takes place in the 
abeence of eolfate ion- Tests indicate that morphine is conjugated with glu 
curonio add but large scale experiments must be done to prove this 

HTT mrA HY 

Morphine is conjugated, not oiidixod when It is meubated with Uver slices 
tn w£ro 
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There is an apparent contradiction between the clinical usefulness of spasmoly- 
tic drugs in certain utenne disorders and their action on utenne motihly m ex- 
penmental animals Clark and Shires (1) haie demonstrated that the diethjl- 
amino-dimethylpropyl ester of tropic aad (Syntropan) causes contraction of the 
mtact and excised uterus of vanous species and yet Syntropan has been success- 
fully used m the treatment of pnmary dysmenorrhea (2, 3) Smce uterme mo- 
tihfj IS greatly mdependent of the nen e supply, it was of mterest to study the 
effect of drugs (4, 5, 6) which relax smooth muscle spasm by a mechanism not 
related to innervation (“musculotropic”) The substances tested were the 
diethj lammoethyl esters of dihydroanthracene-carboxyhc acid (D), fluorene- 
carboxjhc aad (Pavatrme), phenyl-tropic aad m comparison with the tropic 
aad esters of tropme (atropine), diethylammoethanol and diethylamino- 
dimethylpropanol (S 3 mtropan) 

ExpehiuentiU. Animal Ulerus The effect of these substances has been 
tested on the non-pregnant uterus “m situ” of mneteen urethanjzed rabbits 
(three ovarectomized) and nme cats (six decerebrate, two spinal, one mtact 
under chloralose anesthesia) Most animals had been pretreated with estrone 
or stilbestrol In most experiments utenne motdity was recorded as by Trendel- 
enburg (7) In some expemnents the resistance to saline solution passing 
through one utenne horn was measured 

The responses obtamed m cats were very mconstant, espeoally m the decere- 
brate preparations The animals very often struggled when the injections were 
made which probably produced effects not due to the direct action of the drugs 
on the uterus 

The results of the rabbit expenmente, how ever, w ere veiy uniform There was 
no discernible difference in the effect of these substances m ovarectomised and 
mtact animals The responses could be alwu.ys reproduced, at least qnahta- 
tively Essentially, D caused relaxation, Syntropan caused contraction and the 
remammg compounds either bad no effect or they mcreased motihty, when used 
m lareer doses (3 mgm /kg — 6 mgm /kg.) A typical record is seen m fig 1 

Experiments on the isolated rabbit’s uterus suspended m Locke’s solution at 
37®C yielded practically the same results Six horns from mtact rabbits and 
the same number of preparations from ovarectomiaed rabbits were used All 
aminals had received estrone or stilbestrol Table I gives the results m summary 
form 

I This inveatigatiDn was aided by a grant from G D Searle and Companj , Chicago, DI 
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Exa$td HumoJi Ulrmt The action of these subsUmcca was observed on 
9e\’entcen etnps of blx human uteri Eighty fi^■e injections were made The 
stnpa wro taken immediatclj after hjsterectomj It is essential that thej are 
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Fio 1 riABirr UamiAXE AaumiBau 

iDjfCtioQ through eaoouU Into JofuUr vein Prom the top down utenu ia vitu up- 
■trohexcontractioD. e&rottd arlenkl pressure siipai of lojeclion time In minutes hrom 
left to right dlethyUmlivselhjl fluorene-esrbojylate 6 mgm per kg dIethyUmlnocthyl 
dlhydrosnthrseeae-earboxylite 6 mnn per kx dletbyItmin<>-dImeth>Ipropyl tropate 6 
rngm per kg Between injeetioae ft/(eeo and fifty two mioutos 
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prepared as thin as possible to assure aatisfactor;^ spontaneous motihty The 
stnps about one inch long were suspended in Ringers solution at 37*C Mo- 
tility can be tvell preserved for os long as 48 hours if tlio specimens are stored m 
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oxygenated Ringer’s solution at ice-box temperature Since different drug re 
sponses from different segments of animal uten have been observed (8, 9), both 
longitudmal and circular strips were used The latter m ere prepared by cutting 
along the circumference of the lower end of the uterus at about the level of the 
internal os 

The concentrations in which the substances were used ranged from 10“' gms 
per cc to lO-* gms per cc On longitudinal strips the tropic acid esters had 
either no effect or they caused a slight mcreasc m tone and frequency of the rhy th- 
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Fio 2 Isolated Human Utebus Lonoitudinal Strip 
Upstroke-* contraction, time m minutes 4 X ICH' grains per cc of 1 atropine sulfate 
2, diethylnmino dimethjlpropjl tropate, 3 diothylnminootliyl fluorene carooxylato, 4 
diethylaminoethyl-dihydroantriracone carboxylato 
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Fla 3 Isolated Human Uterus (Same as in Fig 2), Circular Strip 
From the top doira, uterine motility, upstroke — contraution, tune in minutes From 
left to nght at arrows 4 X 10“‘ grams per co of, diothylamino dimothylpropyl tropate 
atropine sulfate 


mic contractions, w hereas D, Pavatnne and the phenj 1-tropic acid ester produced 
relaxation, the potency decreasing m the order mentioned (fig 2) 

The motihty of circular strips, however, was greatly reduced or abolished by 
Syntropan and atropme (fig 3) D and Pavatnne had the same relaxing effect 
as on longitudinal preparations 

Discussion Animal expcnmentation seems inddeciuate for the evaluation of 
the clmical usefulness e’’ ’Upnnc spasmoh tic agents Atropine (10, 11), Syntro- 
pan (2, 3) and Pa V’ ' haxebe- •’i^ted to bnng relief in some cases of 

dysmenorrhea wild bbit tl^ ^^augmept or do not affect utenno 

‘ ,.tlio}. ^ ' urcularirtnps taken from excml 


motilitj Howc\f 
human iilcn 
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in Bf*nc caflcs of pnmarj dyf^onorrhoa Ib duo to con traction of the cerruc ulen 
In odditicn Hpaanolj'tic drugs were found iwfu! in olietetncs to hasten (licdilata 
tioo of Ibo cervix (14 15 10) 

V rclatjonship between stnicturo and spaftmoljtic action is apparent The 
tropic acid derivatives cause relaxation of human circular strips hut cause cor 
traction of human longitudinal 8tnp« and rabbit uteri TIiosc compounds are 
effective ncotjl-cholmo antogonlsta but arc compamtiv'cl) incffcctiv'o against 
histamine or banum (4) ^\lth Iho compoimds containing two benzene rings 
(phenvl tropic aad and fluorene dcrivt.tivcs) compounds more effective than 
the tropic nad dcnvatives against histamine and banum relaxation of the 
longitudinal human etnps Init not tlic mbbit strips w seen Wlicn a powerful 
hiatoimne-Antagonixlng action accompanies an acetyl cholmc antagonizing ac 
tion (D) all utorme tissue human and ralibit Is rclaxc<l 
aimiLvnr 

The effect on utenne motihtv of the diclhjlaminocthvl esters of dihydro- 
antliraccne-corboxylic acid fluorcne-cnrboxvhc acid (PavTitnno) phcnjl tropic 
acid and of the tropic acid esters of Lropme (atropine) dicthj lammoethanol and 
diethylammo-dlmcthylpropanol (Sjutropan) has been studied 
Of these compounds, the diliydroanthroccno donvativc is tlio only one which 
reduces or obolishca motilit> of the isolated and Intact rabbits uterus and of 
loogitudioal and arcular strips taken from excised human uten 
PavTitnneand the phenyl tropic acid crterabolwhmotilitj ofbothlongitridmal 
and circular stnpe of the liumnn uterus however they usually cause contraction 
of the rabbits uterus 

The tropic aad catcre havro a spasmol^'tic effect railj on clmilar strips of the 
human uterus 

On the basis of these findings it Is suggested that the pern of primarj dys 
racnorrhea maj bo due at least in some cases, to spasm of the cavu ulm 
The findings of this Investigation make intelligible the cootradictory results 
of animal experimentation and clinical mvcstlpition concerning the effcctivcnees 
of uterine epasmolvtics. 
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Many investigators beliet e that the manifestations of anaphylactic shock and 
allergic conditions are caused bt histamine For this reason many attempts 
hate been made to find an agent capable of antagonizing the action of hiatamme 
or of pretenting the occurrence of anaphjdactic shock by interfering tilth the 
antibody-antigen reaction In 1932, HiU and Martm (1) discussed 165 sub 
stances tthich had been tested for their anti-anaphj lactic action None of them 
ttas terj' effective More recentlj phenohe ethers have been studied by 
Foumeau and his cottorkers (2) tthich have been claimed to possess a specific 
anti-histamuie action (3) The best knotvn of these ethers is thymoxj ethyldieth- 
ylamme Although fairly potent it ttaa never applied clmically because of its 
marked toxic side-effects (4) Certain ammoacids hat e been claimed to hate a 
specific anti-histamine actmtj Hotteter, tery high concentrations of these 
ammoacids are required to antagonize the histamme effect on smooth muscle (5) 

In a previous paper (6) t\ e hat e studied the antagonistic action of diethj lami- 
noethjl-dihjdroanthracene-carbox3late (D) against the effects of histamine on 
smooth muscle We hate extended our int cstigation to study the antagonistic 
action of D and other substances (diethylammoethyl-fiuorene-carboxjlate (F), 
diethj lam inoetliy l-\an thene carboxj late (X), aminophylline and epmephrme) 
against anaphylactic shock 

Experijiental Anh-anaphylaclxc aclion “tn vno ” One hundred and one 
gumea pigs tilth an aterage i\ eight of 400 grams ttere sensitized by the mtra- 
pentoneal injection of 200 mgm egg tthite (10% solution) The shocking dose 
t\as administered 18 to 21 dajs later In control experiments the fatal dose of 
egg'tihite on mtracardial injection ttas determined Ttto mgm of egg-t\hite 
killed 90% of the control animals The substances tthich have been tested for 
their proteetne action ttere injected subcutaneously 30 minutes pretious to the 
egg tthite Of the compounds tested, onlj D prondes complete protection 
against the effects of one fatal dose of antigen, tt hereas X is less effectit e F has 
onlj' a slight anti anaphylactic action (table 1) These findings are in fair agree 
ment tt ith the relatit e potency of these compounds in relaxing histamme mduced 
spasm of the isolated gumea pig’s ileum (6, 9) 

D lends protection to a fett animals even if higher doses of egg-tthite are used, 
although the surviving animals show signs of severe respiratorj distress The 
mechanism of D m prev entmg death from anaphylactic shock is not through 

1 This investigation ttas aided bj a grant from G D Searle and Companj , Chicago, III 
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Fxo 1 PwOflOR or IsOl^TTD LvKOB rSOM TiUEB QuINDA PIOS SCfSITUEl 
WITH Eoo WHIT* 

From the top down brooehUl reditasoe retUUnreinpQlmonarprdrroJatioQ upctroke** 
inereaee In retutonee final of injeolion timeinmloutee In^eetioo tbrough eannuU Into 
poJmotiary artery 1— 'IllJtamioe PhoephateO^ioDn 2— Lploephrine 0 I mfm 8 — Eik 
whito2mgm 4— AmlQophyillne20mfm 6—Kfx wUto 1 EplDephrineOMmjm. 

7-'^loophyllliie 20 mem S~Dietbylmiooeth]a*d!hydroaBtKraeene'earMTylate 1 mpn 


TABLE 1 

Proltciton of fuinoa pip* dratJk from oitopA|?fodie vhodb 
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mterfenng with tlie antibody-antigen reaction nnco those four aniraala i\luch 
had been protected by D against tho fatal effect of 200 ragm egg white did not 
8ho^r any symptoma w hen thej reccittKi a Buboequont injection of 200 mgm egg 
\shlte two days later The animals had been desensitised by the first shocking 
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6gg-'\ihite injection, thus the protective effect of D is prcsumabJy clue to its 
anti-histainine action on smooth muscle 

Anii-anaphylacitc adton "tn ntro ” The anti anaphylactic action of D, X, 
and F as tested on eleven uterine strips and of D, epmephnne and ammophyl 
line on nine lungs taken from guinea pigs previously sensitized mth egg-nhite 
It IS obvious that quantitative comparison cannot be obtained from these e\pen- 
ments since each experiment requires a new preparation Nevertheless the find- 
ings are m agreement with those obtained from the “m vivo” experunents the 
order of spasmolytic potency being D > X > F if used in equal concentrations 
(3 X KHgms/cc) 

Thornton’s method (7) has been used for studying the anti-anaphylactic effect 
of these substances on the isolated lung of sensitized guinea pigs By this method 
both the resistance in the bronchioles and in the pulmonary circulation can be 
measured 

Epmephnne, D, and aminophylline abolished bronchoconstnction mduced by 
histamme or antigen injection Epmephnne, however, augmented further the 
resistance m the pulmonary circulation from antigen injection, whereas the two 
other compounds dunmished it (fig 1) Ammophyllme seems to have a greater 
influence on pulmonary than on bronchial resistance It decreases the resistance 
in the pulmonary circulation after epmephnne, histamine and after antigen 
injection in preparations from sensitized animals The effect of ammophyllme 
may depend on the pre-existing resistance m the pulmonary circulation, smee the 
resistance is mereased by ammophyllme in normal, unanesthetized dogs (8) 

Action of D on histamine^nduced gattnc secretion If the anti histamme action 
18 a specific one (as atropine against acetyl-cholme), then it should also inhibit 
histamme-mduced gaatnc secretion 

Three unanesthetized teamed dogs were used for these experiments The dogs 
received 20 mgm /kgm D subcutaneously, followed by the subcutaneous injec- 
tion of 0 2 mgm /kgm histamme phosphate 30 mmutes later Three expen- 
ments w ere done in each dog and the same number of control experiments m which 
the mjection of D w as omitted The dogs had been starved for 20 hours prior 
to the experiments The stomach contents were aspirated through a stomach 
tube every 10 mmutes for GO mmutes The volume of the samples w as measured, 
the free and total acid and the pH w ere determined Sahli’s reagent (equal parts 
of KI (48 per cent) and KIO, (8 per cent)) w as used for the detcrmmation of the 
free acid The total acid was determmed by titration with N/lOO NaOH with 
phenolphthalem as mdicator A Beckman pH-meter was used for the pH 
determmations Table 2 show s the average values for each dog for pH, volume, 
and free acid as milligrams hydrochloric acid Calculation of milhgrams hydro 
chlonc acid from the pH data agree with those obtamed from titration of free 
acidity w-ithin the limits of error (error of pH measurements ±0 05 pH) The 
reduction in volume of secretion and amount of hydrochloric acid are practically 
the same (average 32 per cent), which means that the acid concentration remains 
unchanged 

Effect on capillary permeability After the mtravenous mjection of trypan 
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blue in rabbit*^ 'wheals ^ve^e produced by the intradormol administration of 0^ 
cc. of 1 10 000 histamme phosphate solution and 0^ cc of a solution containing 
1 per cent D m 1 10 000 histamine phosphate The area Infiltrated \nth hista 
mine showed slight blue color whereas the color Intensity was more marked at the 
nt© where the drug raixturea were mjected 

TABLE 2 
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I>Of 111 female 16 Ikg 

10 

3 8 

8 0 

1 84 

2 5 

1 6 

2 23 


20 

14 3 

60 8 

1 12 

7 2 

23 8 

1 17 


30 

24 3 

GO 9 

1 00 

16 0 

52 1 

1 05 


40 

22 7 

$4 0 

1 05 

13 0 

47 6 

1 03 


60 

19 8 

87 4 

0 06 

26 3 

109 8 

1 02 


00 

21 5 

03 0 

0 06 

IS 7 

50 6 

0 06 

Total 

106 4 

301 0 
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Dog S7 male 12 2 kg 

10 

4 2 

12 3 

1 24 

3 7 

4 9 

1 68 


20 

12 S 

48 1 

1 OS 

4 7 

10 8 

1 32 


so 

14 2 

03 4 

1 02 

7 8 

20 6 

1 01 


40 

14 0 

05 8 

0 95 

9 7 

40 6 

1 04 


60 

16 8 

77 8 

0 94 

16 3 

00 0 

0 95 
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12 9 
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0 06 

14 8 

64 8 
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n 6 
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6 0 
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6 0 

8 8 
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30 
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4« 6 
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60 
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0 00 

20 7 
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Total 

194 2 
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5S1 6 



CaJsulated from Utratloa 

t The pH ira» sveraged by eonrertlof tb« pH readinp Into nontallty arenifim the 
Donnallty figurct emd reconrerllDg to pH 


Polenqj and toxxexly of D The potent^ was determined in the usual way (0) 
on the isolated gumea pig s ileum against histamine mduced spasm m compianson 
■with epinephrine thymoxyethyldiothjlamine,’ and ammophylline It la one 
fifth as active as epinephnn© but three times stronger than thymaxyethyldlethyl 
ammo and four thousand tones more potent than ommophyllme. 

The toxrcitj of D and \ was detennmed in mice the results appearing m 
table 3 

* OoDerotuly iuppllcd by tbs Abbott Laboratoriei North Chicago Dl 
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Discussion The protective action of D is greater against histamine shock 
than it IS against anaphylactic shock It was 100 per cent effective agamst three 
fatal doses of histamine (6), but against only one fatal dose of antigen In ana- 
phj lactic shock the histamine released is presumably closer to the effector organs 
of the smooth muscle cell It recalls the antagomstic action of atropme on the 
intestme against injected acetyl-choline as compared mth vagal stimulation 

TABLE 3 


Toxicity of diethylamtnoethyl-dihydroantkraccn-caTboxylale and diethylaminoelhyl xanlhent 

carhoxylale tn mice 
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dead animals 

Mortality ratio \ r 

animals used 


The moderately inhibitory effect of D on histamine-mduced gastric secretion 
IS not necessarily due to its anti histamme action It may be attributed to the 
atropme-like action of this compound which has been previously demonstrated 
(6) It has been reported (10) that atropine decreases the volume but not the 
acid concentration of histamme-mdnced gastnc secretion Capillary permea- 
bUity from histamme is not antagonized by D The effect of D m mcreasing the 
color intensity of the wheals is presumably due to its marked vasodilator action 
(6) Thus the anti-histamine activity of this compound appears to be limited to 
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smooth musdo and e\'en this does not seem to be very epeoifio^ as it baa boon 
shown (6) that it also relaxes smooth mosolo spasm produced by other agontJ 
♦hftn histamine. 

The marked effect of aminophylline In decreasing the resistance in the pulmoo 
ary arculaUon during an anaphylacUo reaction may throw some light on the 
mechanism of its aetkm m bronchial asthma. The bronchodilator effect of 
aminophyUine (11) is ao weak ctmipored to ^inephrine that it seems inadequate 
to explain the rehef from aminophylUne In many cases of acute asthmatic attacks 
when epinephrine has failed. It is quite possible that, in addition to the bron 
cboconstnctiOD an moreaged resistance in the pulmooary circulation is an nnpor 
tant factor in the pathogenesis of oUergio asthma We know that this is the case 
during anaphylartk ehock in animals c^xsaally m the rabbit. If this factor is 
predominant then no relief can be expected from epinephrine which causes an 
morease In resistance. This suggests that the beneScial effect of aminophylline 
m bronchial asthma may be chleSy from a decrease In the resistance of the 
puhnonary circulation 


SUmiABT 

Diethylaminoethyl-dihydroanthraceno-carbaxylate provides 100 per cent 
protection to sensitised guinea pigs against one fatal does of antigen Diethyl 
ammoethyl xanthene^arboxylate is 70 per cent effective. Diethylaminoethyl 
flnorexie^arbQxylate ammophyUIne and opmephrine protect only 37 per cent of 
the animals. 

The dihydroanthraoene derivative reducee the volume but not the aod coai 
centration of histamine-induced gastne seorotioo 
The dthydroanthroeene denvativo Intcnaihfid the mtradennal sldn reaction 
produced by histamine 

Hie increase in the reststaoce of the pulmonary circulation of the isolated 
perfused guinea pig’s lung caused by epmephrine histamine or anaphylactic 
reaction is reduced by ammophylline and the dibydroanthraceno derivative 
The latter is more potent in its bronchodilator effect than aminophylline. 

The possibility that the main mechanism of aminopbylime in brondiial asthma 
is the decrease in the resistance of the puhnonary dmilation, is suggested 
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DIGITALIS AND CALCIUM 
S BLUMENFELD and 0 LOEWI 

From DeparlmenU of Pharmacology and Thtraptuliu, New York Univerttty, 

College of Medicine 

Digitalis glucosides administered to isolated frog hearts filled with Ringer 
solution cause m time a decrease of the amphtude of contractions and eventually 
a standstill The character of the decrease of the amphtudes and the time elap- 
sing untfl the standstill depends on the dosage, with large doses the diastohc 
relaxation is dimmished and after a short while a standstill m systohc contracture 
occurs With mmimal effective doses the systohc contractions very slowly 
decrease and eventually the heart stands still in diastole Doses lymg between 
these extremes produce effects lymg between the aforementioned (Straub (1) 
and others) We know that calcium is mvolved m the systohc effect of digitalis 
(Clark (2), Loewi (3), and others) The present paper deals with the part 
calcium may play m the diastohc effect of threshold doses of digitalis 

The experiments were performed on isolated frog hearts (lana pipiens) attached 
to a Straub cannula The Rmger solution had the followmg composibon 0 65 
grams of NaCI, 0 01 grams of KCI, 0 01 grams of CaCIj, 0 02 grams of NaHCOi 
and water to makp 100 cc solution The digitahs preparations used a ere 
ouabam (Merck) and scUlaren A (Sandos) In adequate doses they affected the 
heart alike 

In order to find out whether calcium is mvolved m the diastohc action of 
threshold doses of digitalis, we first mvesbgated the effect of calcium which was 
added at various mtervals to hearts filled with Rmger solution and subjected to 
minim al effective doses of digitalis Whereas raismg of the calcium concentra- 
tion to 0 02-0 04% and above this dimmishes the diastohc relaxation of normal 
hearts filled with Rmger solution (0 01% CaCL) after minimal effective digitalis 
doses this calcium effect is reversed, a short time after their apphcation as a rule 
before any effect of this is visible a concentration of 0 02% calmum is ineffective • 
A concentration, however, of 0 04% CaClj dimmishes the systohc contraction, 
later on a concentration of 0 02% too displays a diastohc action and the decrease 
brought about by 0 04% CaCli becomes bigger (fig 1) These results show that 
after the apphcation of small doses of digitalis m Rmger solution additional 
calcium has a diastohc effect and that the calcium concentration producmg this 
effect dimmishes progressively It is, therefore, most likely that m the gradual 
decrease of the heart contractions m Rmger solution followmg the apphcation 
of small doses of digitalis, finally leadmg to a diastohc standstill, the calcium 
content of the Rmger solution is mvolved This assumption is supported by the 
fact that after the diastohc state has been reached the apphcation of a solution 
either free of or low m calcium concentration mcreases the contractions (fig 2) 
This mcrease, however, is only transitory Eventually the heart stands stQI 
even m calcium poor solution 

A diastohc action of calcium, as observed here after the apphcation of threshold 
doses of digitalis, so far has been unknown Hon to explam it? 
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Smce the nyitolic action of largo doses of digitalis nsemblcs the immediato 
action of high calcium concentnitiona and nnco small doses of digitalis act much 
more alowlj than largo ones, it seemed ii\orth ^hile to m\ estJgate n bother largo 
calcium concentrations if applied to a normal heart for a long time would also 
produce a diastoho action Thus in fact is the case after ha\’ing applied 0 04% 



Fia 1 9 ItiKOE* + 2 Oauma, PER Ml. OoABAJK f IUnoer Coitpvijiiwo C»Cli 
T Rikqcr Containino CaClt 



FiQ 3 ^ Rufan + 0 ^ Qamua rn Ml. Ouabaik 9 Rihoeb Oowt^iniro No CaCl 
Nor KCI t Rimocb 


CaCh the usual immediate decrease of the diastolic relamtion m time gives ^vay 
to a pr og r tJBi ve decrease of the systolic contractions exactly like that following 
threshold doees of digitalis m Ringer solubon but different in that in our e.\pen 
ence high calaum concentrations even after hours do not lead to a standstill If 
during the state of decreased systolic contractions one fills the heart mth Ringer 
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solution of normal calcium content the heart recovers m that the systolic contrac 
tions reach their normal former size The state of the heart however, m spite 
of this, has changed due to the long lastmg action of the high calcium concentra- 
tion This becomes evident by the fact that refillmg the seemmgly recovered 
heart mth Rmger containing 0 04% CaCli now does not produce any longer as m 
the normal heart a systohc but immediately a long lasting diastohc effect (fig 3) 
This by the w ay is to our knowledge the first case of an irre\ ersible change of the 
state of the heart produced by cations 

Discussion The object of these experiments was to find out w hether calcium 
is involved in the diastohc action of small doses of digitalis as it is m the systohc 
action of large doses From the outset this did not seem obvious smce a diastohc 
action of calcium so far had been unknown Our experiments however have 
shown that whereas the immediate effect of high calcium concentrations on the 
normal heart is a sjstohc one the effect of the same concentrations if appUed for a 
long time becomes a diastohc one, m other w ords we are able to produce with 
high calcium concentrations dependent on the duration of their action the same 
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changes as with large and small doses of digitalis m Ringer solution These 
results support the old view that calcium is mvolved m the action of digitalis 
As to the mode of the interaction of the two substances, 26 years ago Loewi (3) 
expressed the opuuon, based on the results of experiments performed m i anous 
lines, that digitahs changes the state of the heart m such a manner that it becomes 
hypersensitn e to calcium and therefore reacts to the normal calcium concentra- 
tion of the medium like a heart ivithout digitalis does to high calcium concentra- 
tions The results reported m this paper support this assumption What other 
mterpretation w ould for instance hold for the fact reported abov e that raising the 
calcium concentration after a threshold dose of digitalis m a state where this was 
without visible effect urnnediately caused a strong decrease of the systolic con- 
tractions whereas wthout digitalis the same calcium concentration acts only 
alowly and after a longer time 

Some of the results obtamed make it evident that the hypersensitivity to 
calcium created by digitalis is not responsible for all the events to be obsen'ed as 
consequences of digitahs action It may suffice to recall that the eventual stand- 
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still of the heart regularly happening after the application of oven tbreehokl doses 
of digitalis cannot bo prevented by dccnaiflmg the caldum concentration of the 
Rmger solation This effect must bo naenbed to the same specifio imknoTvn in 
fluenco of digitalis on the state of the heart \rhlch Is responsible for its sonsitixa 
tion to calcium 


BDUUABT 

1 Medium and large doses of digitalis apphed In Ringer solution havo after a 
short vrhDo a systobc effect, minimai effective doses ofter a long timo a dmstoUc 
effect 

2 Raiamg the calcium ccmcentratlon after large doses of digitalis increases 
after smaii dcses decreases the systolio action 

3 The immediate action of increased calaiim content of the Ringer solution on 
the normal heart consists in on increase of the sjatolio contracticm theprolcmged 
action in a decrease 

4 Systohe or diastotio standstill of the heart as produced by digitalis cannot 
be produced by the application of high calcium concentration on the normal 
heart 

6 The mode of the interaction of digitalis and calcium is discussed 
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THE DISTRIBUTION OF QUININE, QUINIDINE CINCHONINE AND 
CINCHONIDINE IN FLUIDS AND TISSUES OF DOGS^ 

EDWIN P HUTT awd QERTUUDE P QDINN 
Phftiolon DrpattMni York Univtmty CoUtfft ej Brniitiry 
Itecelved for pabheaUoo 13 IM4 

Of the four cinchona alkaloids currently m therapeutic use (quinine, qnimdine, 
cmchooidlne and dnchonine), only quinine has been crtensively investigated 
with regard to the In vivo factora which determine the plasma concentration 
resulting after a given doee. The therapeutic effectiveness of a drug is usually 
proportional to its conocntration in the plasma Consequently these factor* — 
the rates of absorption excretion, metaboho alteration and the manner of in vivo 
distribution — may be aa important m determining the usefulness of a drug as the 
host toxidty or the anti parasitic potency 

Although these alkaloids are vary similar m chemical structure, they may 
behave quite differently m vivo It ha« been sboim that there are marked 
differences in the plasma concentrations attained in man after single do^ of 
equal amounts of the four alkaloids given orally (1) It is not yet known which 
of the above-mentioned factor* is chiefly re^jonsihle for these differences. The 
mvestigabons described here examine the factor of in vivo distribution particu 
larly the partitioning of each of the four aflcaloKis between the plasma and 
tissues of the dc^ This has been done recently for quinine by Eels^, Oldham 
and Gelling (2) 

Mbthods a Sxpertmsnlal procedinv Solutions of the alkaloids were m 
fused mtravenously at a constant role for about hours This usually served 
to establish a plateau m the plasma concentration for at least 80 minutes In 
some experments the animal was kff/ed whffe the phiama was rising or faffing 
to test the rate of plasma tissue equOibratiom Blood samples were taken at 
mtervals during the course of the infusion When the infusion was stopped the 
fin^mal was killed usually by pneumothorax and samplee of tissues and body 
fluids taken These samples were immediate^' chilled and kept cold until they 
could be analysed Analysis was usually completed withm a few hour* after 
saenfiemg the animal Seven of the eleven dogs used were ancsthetued with 
mtravenoualy administered sodium pentobarbital The other dogs received no 
anestheeia, 

B A-nalyUcal Tnethodi "Wo have adapted Brodie's colonmatnc method for 
basic organic compounds (3) m estnnatmg the concentration of any of the four 
cinchona alkaloids m tissues. 

ProcmluT* Wei^ oat Bunplet of tissue (asaally 3 pas.) and homofenite with a fanall 
quantitr of water in a glaae crioder conalatlng of a eyllcdrieal eup In which a oloee fitting 


^ These inreetitetloni were earned on with the aid of a grant from the Cinchona Prod 
note Inatltnte Inc i ^ \ 
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ground glass pestle is mechanically rotated » This breaks up the tissue into a soupy raasb 
in which there are few intact ceUs Transfer the mash to a flask, dilute to 20 volumes with 
water and precipitate with 6 volumes of 20% metaphosphonc acid This method of preoipi 
tation, which has been utilized in the fluorometnc estimation of quinine and quimdme in 
human plasma (4), serves to remove most of the substances contained m tissue which react 
with the methyl orange to give a large tissue blank Centnfuge the precipitated tissue 
mash,* pipette aliquots (usually 20 ml ) of the supernatant fluid into glass stoppered flasks 
and make alkaline (at least to pH 10) with NaOH solution Add 20 ml of ethylene di- 
chlonde to the flasks and extract the free base of the alkaloid into it by shaking the flask 
vigorously for five minutes Centnfuge the contents of the flask and remove the aqueous 
phase by aspiration Then shake the ethylene dichlonde again with an equal volume of 
30% ^aOH in 20% ethyl alcohol for five minutes to remove the phenol like products of 
metabolic degradation of the alkaloids (3) Centnfuge and remove the upper aqueous 
phase by aspiration and shake the remaining ethylene dichlonde with 2 ml of a saturated 
solution of methyl orange in M/2 NaHiP 04 for five minutes (This dye solution must 
previously be extracted with ethylene dichlonde until no more pigment can be removed ) 
Remove the excess methyl orange by centnfugatlon and aspiration, and transfer a measured 
quantity of the yellow tinted ethylene dichlonde to a colorimeter tube, acidify with 0 1 
part of 1% HCl in absolute alcohol, and read In the colorimeter using a 640 filter The 
concentration of alkaloid is determined by reference to calibration data gained bj ana 
lyiing known quantities of alkaloid in aqueous solution by the same method 

Plasma, eerebrospinal fluid, and bile were extracted into ethylene dichlonde without 
previous precipitation The troublesome emulsiODB occasionally encountered with bile 
were found to be prevented by adding powdered Cb(OH)i to the bile before it was 
shaken with ethylene dichlonde Whole blood was precipitated in the same manner as 
tbe homogenised tissues Red cell concentrations were cdculated using the plasma and 
whole blood concentrations as analysed, together with the hcmatocnt reading. 

Recovery of the alkaloids added to homogenized blank tissues and to body fimds m 
amounts within the range of those found in the tissues of the infused dogs was in no case 
less than 90% and in most determinations between 55% and 103% The length of time the 
tissues were kept in the refrigerator before analysis had bttle eflTect on the blanks, the 
recovenes, or the concentration found in the experimental tissnes 

Resui/ts In general, the four alkaloids are distributed within the animal 
in the same manner (see table 1) They all occur m most tissues m hi^er con- 
centration than m the plasma The tissue/plasma ratios are relatively low m 
cerebrospinal fluid, red ceUs, bram, skeletal muscle and bile, but higb m the 
glandular tissues and lung Cinchonme shows somewhat lower ratios for the 
latter tissues than the other three alkaloids 

The tissue/plasma ratios remamed fairly constant m spite of considerable 
vanation m the plasma level Furthermore, m the experiments where we al- 
lowed the plasma concentration to nse steeply to the lethal pomt (Dog No 14), 
or stopped the infusion and allowed the plasma level to fall for an hour (Dog 
No 13), there was httle change m the ratios These observations mdicate a 
ready equihbnum between plasma and tissues 

When equivalent amounts of the different alkaloids were administered to dogs, 
either orally or mtravenously, the plasma concentrations attained were approxi- 
mately the same for all four alkaloids 

» Sneh a grinder can be purchased from tbe Scientific Glass Apparatus Company , Bloom 
^^'•^Filtration m^t be avoided because of tbe adsorption of these alkaloids on filter paper 
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Sodium pentobarbital aneathesia had no consistent effect on the distribution 
of any of tbe alkaloids (table 1) 

DiscTJseiON The di^butlon of the four alkaloids between cells and fluids 
in the dog is approxunately the same It Is not yet possible to aa> to what ex 
tent theso observations can be applied to man The fact that all four alkaloids 
appear In the plaama of the dog In approxlmatclj equal concentrations after 
equivalent doeee while in man they show marked variation demonstrates a dif 
fercnce in the two speefca in one or more of tbe factors which affect the plasma 


TABLE 1 

TUtut plama raK(M of einefiOM clkaloida in Ike deg 



OrebroapLoiil I 
floid 0 1 0 

RedcellJ I 1 0 1 

3 0 3 

BkeleUl mtiids 8 3 3 

BUe 3 3 0 

latattloe 0 6 8 

Cardlte mtuele 



Uoder cembataJ aDMtbeut 
t Without aneathetla. 

concentration In the dog the four aSodoids are handled In approximately the 
same manner but in man there Is a marlred difference in the way the four alka 
loids are treated 

Tbe accumulation of the alkaloids in the liasuee probably represents a com 
blnation of the alkaloids with some constituents of the tls^e cells (sunilar to 
tbe binding with the plasma protedns) so that they are no longer diffusible 
Hatcher and Weiae (6) suggested that quinine is taken up by the capillary endo- 
thebum basing their theory on the observation that a considerable fraction of 
injected quinine can be recovered by perfusing an exsanguinated animal \Tith 
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saline This does not seem good evidence, because quinine could enter the 
perfusion fluid from the tissues The relatively small alkaloid bmdmg capacity 
of red cells, bram, and skeletal muscle, as compared with the high bmdmg capac- 
ity of the glandular tissue, would suggest combmation with some nuclear ma- 
tenal It is mterestmg to note that the degree of tissue fixation of atabnne is 
many times greater than that of the cinchona alkaloids, but the same difference 
between muscle and glandular tissues is found (7) 

It must be reahzed that most of the alkaloid m the plasma is bound to plasma 
protems, so that the diffusible fraction found m the mterstitial fluid and free 
to enter cells may be only 30% of the total plasma concentration (5) (It may ' 
be that the cerebrospinal fluid concentrations closely approach the concentration 
of diffusible alkaloid m the plasma ) Furthermore, the tissues contam a cer- 
tain amount of mterstitial flmd, lower m alkaloid concentration Consequently 
the ratio between the cellular concentration of alkaloid and the mterstitial 
flmd concentration is actually several times greater than the tissue/plasma 
ratios we have reported 

In essence, we can say that any marked differences m their activity m the dog 
could be attributed to differences m their effects on specific cellular processes, 
rather than to, differences m any of the factors which determme the plasma 
concentration attamed after a given dose Although these data are stnotly 
apphcable only to the dog, the same prmciples governing the plasma concentra- 
tion apply to mammals generally It is to be expected that different species 
wiU show variation m some of the factors, for example, m metabohc destruction, 
resultmg m a different balance An understandmg of the factors determining 
the plasma concentration of these alkaloids is essentaal m approaching the 
problems of therapy presented by malana and certam abnormahtiea of muscular 
function 


SUMMAKY 

1 Dogs were given mfusions of the sulfates of qumme, quimdme, cmchomne 
and cmchomdme so as to obtam a concentration plateau m the plasma for at 
least 30 mmutes The body flmds and tissues were then analyzed for their 
alkaloid content 

2 The ratio of tissue concentration/plasma concentration was low (0 1-5 0) 
for red cells, cerebrospinal flmd, skeletal muscle and bram, and high (10-40) 
for glnndnlnr tissues and lung Cmchomne ratios for glandular tissues and lung 
were somewhat lower than the other alkaloids 

3 These ratios remamed approxunately the same m spite of changes m the 
p lBCTna concentration Equihbration between tissues and plasma takes place 
rapidly 

4 With eqmvalent mtravenous doses of the four alkaloids the plasma con- 
centrations were approxunately the same The difference from man m this 
regard is pomted out 
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In a recent number of this Journal, Krantz, Carr, Forman and Cone (1) 
bring evidence “to mdicate that the action of certain organic mtrates is not de- 
pendent on their hydrolysis and mtnte formation but rather upon the unhy- 
drolysed molecule ” They employed the mtnc eaters of glycerol, mannitol 
and eiythntol, isomanmde dmitrate and the mtnc eatere of some alkyl glycoUic 
acids Stdl more recently Roth and Krantz (2) have shoivn that an effective 
amount of mtnte is never present m the blood after the admmistration of erythn- 
tol tetra-mtrate, isomanmde di-mtrate, or glycerol tn-mtrate 

That mtroglycenn acted through decomposition products was suggested by 
Onsum (3) (1866) and somewhat later by Eulenberg (4) (1866), but it was 
Matthew Hay (6) (1883) who placed the hypothesis on a scientific basis He 
showed that solutions of caustic alkahes and even of alkahne salts reduced 
mtroglycenn to an alkali mtnte and other products About two-thirds of the 
mtroglycerm was reduced to mtnte In a later paper he says “all compounds 
of mtnc acid, whether ethereal or metalhc, are without effect unless it so hap- 
pen that the constitution is such that it decomposes m the body with the libera- 
tion of mtrous acid” (6) Atkinson (7) and later, Haldane, M^giU and Mavro- 
gordato (8), mainly owmg to the difference m toxic effects of mtroglycenn and 
sodium mtnte, threw doubts on this explanation My own mvestigations of the 
mtntes and organic mtnc esters commenced m 1892 and soon I came to the con- 
clusion that mtroglycenn and certam other mtnc esters did not act, even as 
vasodilators, by bemg converted mto mtntes m the body In 1897 I wrote 
“from my own observations I am mclmed to think that mtroglycenn acts as 
such At least any transformation that occurs is brought about m the tissue 
cells themselves" (9) The mam reasons were the discrepancy m the dose of 
sodium mtnte and of mtroglycerm to produce sumlar vasodilatmg effects, the 
rapiditj of action of mtroglycerm which seemed to preclude any change of the 
nature of hydrolysis, and the different activity curve of the vasodilatmg action 
on man !^y (10) recognized the difficulty of difference of dose and suggested 
that the mtrous acid liberated from mtroglycerm was in a nascent state whereas 
sodium mtnte taken by the mouth would be converted mto mtrous acid m the 
stomach and be decomposed by any orgamc matter there The suggestion, 
however, does not explam the greater activity of mtroglycerm when given sub- 
cutaneously or mtravenously or its much greater dilatmg power when perfused 
through isolated blood vessels In an experiment on a terrapm m which the 
blood' vessels were washed out with acidulated salme (1 m 60,000 acetic acid) 
dilatation was obtained when mtroglycenn (1 in 10,000) was added to the per- 

‘ This paper is based largely upon expenmenta described in my M D Thesis 
Manch 1899) except the parts on oxidation and reduction and observations on the blood 
which have been made at vanous penods during the past fifty yearn 
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fusion fluid There could be no alkalino influence in this experiment and no 
nitnte (starch mucllago potassium iodide, glacial aceho aad test, tfensltivo 
to 1 in 2 mnU ona mtntei. was found m the fluid perfused The same reagent 
showed absence of nitnte in manj other perfusion experiments on cold-blooded 
Milmftls with nitro^j'cerin and other nitno esters Again, the saponification 
of nitroglycerin at the pH and temperature of the blood is very slow, yet m 
travenou* mjection of nitroglycenn causes an immediate fall of blood pressure 
due to vascular dilatation And methyl nitrate, which is not hydrclj^Bed to 
nitnte by alkalies, causes an immediate fall of blood pressure on mlravenous 
injection Quantitatively tbero is a great differonco m the effect of mtro- 
^ycerm and sodium nitnte on blood vessels as shown by perfusion experiments 
on warm blooded animfibi On perfusing a sheep s kidney imder constant 
pressure, 1 m 6000 mlrogiycerm in blood increased the venous ouflerw from 
20 cc per minute to 63 cc per minute during the second minute on first perfu 
Sion and from 18 cc per mmute to GO cc. in the socond and 70 cc in the third 
minute on second per^ion Such a powerful oiloct b not obtained from the 
perfusion of nitnte solutions five tunes as strong Whether the change mdue 
mg relaxation of the muscle cells Is the same in the case of nitrites and mtno 
esters b an mteresting but as yet unsolved problem. Experiments on tho iso- 
lated voluntary muscle of frogs did not help in its solution but since both classes 
of substances affect the oxyhemoglobin of blood the action on thb pigment 
seemed worthy of investigation m on attempt to elucidate their mode of action 
Before describing the actions on blood aome chemietl experiments bearing on 
the question will be considered 

SAPOKmOATION OXIDATIOK AND KEDUCTION 5cp0ftj;icaf«m Most of 
the 33 nitric esters prepared by me during the last and the early years of the 
present century were subjected to saponification with caustic alkalies and alka 
line salta. A few points only need be mentioned Methyl nitrate saponifies 
normally and no reduction to nitrite occurs and only small quantities of nitrite 
are formed in the saponification of Its higher homologues ethyl and propyl 
nitrates (of also Carl^(ll)) The nitric esters of the polyhydno aloohob and 
those of the sugars yield nitnte readily on saponification with caustic alkali. 
And it 18 mteresting that ethylene-giycol dmltrate, ^ycerol tnnitrate and orythri 
tol tetranitrate show dimlnwihlag stability towards the action o! alkalies The 
difference may bo observed In tho action of 1 per cent alcoholic potash on 1 per 
cent elcohoUo solutions of glycol dinltrate and of erythntol tetranitrate respeo 
tively At room temperature the erythritol nitno ester gavo eight times the 
amount of nitnte given by tho glycol mtno ester Broadly the results of saponi 
fication vary with different mtno esters, with the amoimt and concentration of 
the alkali and with the temperature to which the mixture is raised Except 
for wmafl quantities of less nitrated compounds the products of hydrolysb are 
not of mu^ pharmacological interest. Beri and Dclpy (12) isolated from tho 
saponification of mtVoglyoerin — nitrate mtrite alkah-oyomde, ammonia, a a 
^yoerol dmitrate meeoxalio and oxalic acids, carbon dioxide and volatile 
acids and aldehydes not charactenxed. Some nitrogiy oenn was kit unsaponified. 
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It IS questionable if saponification has any place m the pharmacological action of 
mtnc esters It mil be considered later m the case of erythntol tetranitrate 
Differences m the pharmacological action of mtnc esters are due more to dif- 
ferences m solubihty and to some extent m constitution, pomts dealt mth later 
In the mtracellular reactions of nitntes and orgamc mtrates oxidations and re- 
ductions are probably of more impiortance than saponification 

Oxidation and redmdwn Inorgamc mtrate is Imown to be reduced m Km^ll 
measure to mtnte by tissues (Abelous and Gerard (13)) an action attnbuted by 
Bemheun and Dixon (14) to enzymes Stepanow (16) showed that any mtnte 
present m the animal body was denvpd from mtrate taken m the food Phar- 
macologically the reduction is only of importance m showmg the abihty of vital 
tissues to effect reduction of such a stable ion as nitrate Whether the more 
labile and powerful mtnc esters are similarly affected by hvmg cells has not been 
defimtely proved, my own expenments limited to frog’s muscle cells showed no 
such reduction Orgamc unlike inorgamc mtrates are readily oxidized- The 
oxidation products — for the most part the correspondmg acids — are not of 
importance m the present discussion It is however of interest to note that 
mtnte and orgamc mtrates do not react m the same way to oxidizing agents 
A comparison of their effects on solutions of potassium permanganate affords an 
example In acid solution mtntes decolorize potassium permanganate imme- 
diately, whereas mtnc esters, whether of monhydnb or of polyhydno alcohols, 
mduoe a gradual change extendmg over many mmutes and the production of a 
red colour, and a permanganate solution saturated with sodium bicarbonate 
also reacts differently m the two cases The reaction of orgamc mtrates with 
hydrogen peroxide is referred to later 

AcnoK OF BonroM hydrosulphite, NajSjOi, on nithites and organic 
NITRATES Moderate amounts of sodium mtnte and sodium hydrosulphite m 
aqueous solution react vigorously The temperature of the mixture rises con- 
siderably m the first two min utes and the previously acid solution then begins 
to become alLalme Later sodium sulphite and sulphate can be crystallized 
from the solution The mother hquor contains sodium hydroxide, sodium mtnte 
and sodium hydrosulphite Intermediate compounds are probably formed 
but no evidence of hydroxylamine or of hyponitntes was obtamed The ni- 
tnte molecule is made much more labile by the reducmg agent and there is a 
notable mcrease m mtnc oxide pressure even m alkalme solution The pressure 
of mtnc oxide m the solution is mcreased whether the mtnte or the hydrosul- 
phite IS m excess (Marshall and Marshall (16)) 

The action of sodium hydrosulphite on mtnc esters is less mtense, due, at 
least m part, to then smaller solubility m water These solubihties are given 
later After addmg 6 g sodium hydrosulphite to 1 5 g glycol dimtrate m 50 
cc of water and shakmg frequently no rise of temperature occurred The 
hydrosulphite was converted to acid sodium sulphite m 3i hours at room tem- 
perature and m 2 hours at 30° No mtnte was formed Id a simfiar expenment 
m N/10 sodium hydroxide sodium sulphite was formed and the reaction wm 
much slower Three days after mixmg sodium hydrosulphite was present al- 



ACTION or NTTBIC ESTERS 


109 


tbou^ undissolved glycol dmitrate lay at the bottom of the mixture Some 
nitnte was also present but not more than could be explained by the aaponifica 
tion induced by the alkali la N/50 oauatio soda some acid sodium sulphite 
Tras fonned The reactions ivith methyl nitrate were weaker but otherwise 
ftmilflT No mtnte was found but after standing a fortnight a trace of ammonia 
was present (The test used for nitnte m these experiments was the potassium 
ferrocyanlde acetic acid one which althou^ relatively insensitive a much less 
affected thnn more sensitive testa by sulphites which were always present m 
these mixtures in considerable concentration ) 

A wmaU pressure of mtnc oxide is produced by the action of sodium hydro- 
sulphite on organic nitrates but it is less than that obtained from mtrites A 
little eodinm hydrosulphite added to a ealuralcd aqueous solution of methyl 
nitrate or gl> col dinitmte followed by the addition of a dilute ferrous eulphate 
aolubon causes a brown coloration in a few minutes except at the surface The 
colour increases somewhat m intensity and if the mixture is shaken and made 
uniform a colourless surface layer again develops This colourless surface 
layer mcreases m depth until the whole mixture is colourless Unlike nitntes 
organic nitrates do not form any measureahle gaseous products when treated 
with sodium hydrosulphite and a dilute mineral acul 
Action on ulood AD sufficiently soluble nitric esters of polyh>*drio alcohols 
form metbemoglobm If given sufficient time when added to a solution of blood 
Its formation with the slightly soluble organic nitrates may also be obtained if 
measures are employed to mcrease their solubility Nltro^ycerin and some 
other organic lutrates often give a dearer metbemoglobm spectnun than do 
mtntes mainly because they precipitate serum proteins an action which is prob- 
ably physical since the precipitated protein contains no nitrate With the more 
soluble liquid compounds bematm is eventually produced as with nitntes. 

The action of so^um mtnte on blood is characterised by an induction penod, 
a reactionary period and a stationary period and the effect is duo to the hydrol 
ysia of nitrous acid and to a pressure of nitric oxide (Marshall and ManhaU 
(10)) The pressure of nitric oxide In solutions of sodium nitnte is wmidl and 
N/lOO solution is required to form any nitrio-oxide hemoglobin To transform 
aU the pigment to nitric-oxide-bemoglobm a reducing agent ts necessary 
(MarshaD and MarshaD (10)) Organio nitrates diDer from nitntes in not form 
mg NO hemo^obm unless a reduoing agent is added 
Rioeiton relocibes The course of the reaction on blood of nitrites and of 
organio mtrates is different and is shown in figure 1 which compares the effect 
of sodium mtrite and nitro^yccrin of shnHar concentration on the same ox blood 
at neutrality (experiment made A/6/191T) *1110 reaction with N/300 sodium 

mtnte has an Induction period of 10 mmutee and a reactionary penod of 6i 
minutes that with M/200 mtroglycerm has no lag penod and the curve presents 
more the appearance of the hydrolysis of an ester AU other expenments 
mode with glycol dimtrate or nitro^yoenn show the same type of curve The 
observations were made wuth a Hfffncr Spectrophotometer, the eyepiece of 
which was adjusted to cover X 571-6T7 of the speotniim Curve C is of M/4 
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methyl nitrate actmg on my own blood The reaction of organic mtrates with 
blood rapidly falls off with mcreaaing dilution M/16 methyl mtrate on my 
own blood required two hours to complete the reaction With nitroglycenn 
the red band of methemoglobm was detected in 1 hour with M/50 nitroglycenn 
and m 26 hours with M/800 mtroglycerm m the same specunen of blood It 
IS common expenence that the blood of different nnimals and blood under dif- 
ferent conditions react somewhat differently to mtntes m time and degree 
My impression is that the same is true of orgamc mtrates although to a less 
extent 



Fio 1 Graphs of the velocity reactiona of A N/800 eodium nitnte on 2 per cent ox 
blood two days old B M/200 nitroElycenn on the aame blood C M/4 methyl mtrate 
on my own mood, probably about 1 6 pec cent strength Ordinates »■ extinction cooffi 
cients Abscissae — time in minutes Xhe experiment with mtroglycenn is the best 
obtained Often the reaction is slower 

Effeci of fH Variations m pH have much less effect on the action of mtno 
esters thfm of mtntes With the latter the effect of pH is profound, especially 
on the changes occumng dunng the mduction penod The nonnahties of 
sodium mtnte from pH 6 to pH 9 necessary to mduce a reaction commencmg at 
a defimte mterval appear to form a geometncal senes (Marshall and Marshall 
(16)) An experiment with methyl mtrate will suffice to show the different 
influence of pH on organic mtrates The methyl mtrate was added to a solution 
of blood buffered to pH 5 2, 6 0, 7 2, 7 6, 9 2 and kept at room temperature In 
pH 52 the oxyhemoglobm was converted to methemoglobm withm an hour, 
m pH 6J0 it was only partially changed to methemoglobm m an hour but was 
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wboQy obanged in two houn In pH 7J3 only a small obango ooourred and at 
pH 7^ a just detectable change occurred in tvro hours, in pH 9^ no change 
'was noted at this time but a nearly complete transformation appeared to have 
occurred in nineteen hours On adding a little sodium hydiosulphite to each 
mixture they all changed colour to roeo-red within n few minutes — 2 to 3 mm 
utes for the more omd, 5 minutes for the most alkalmo — at the end of which 
times the colour of the several mixtures was mdistingulshable The last change 
is smiilar to that occurnng with nltritca Thus it would appear that the differ 
encea in action between nitntes and organic nitrates is connected with the method 
of fonning methcmoglobin which m the case of nitrites seems to be associated 
with the hydrolysis of rdtrogen tetroxide whereas in the case of organic mtrates 
it is due to some other effect not yet determined 
The nitntes and organic nitrates show differences in some reactions involving 
hydrogen peroxide on blood and a similarity in a reaction with ammonium 
sulphide which is interesting In that it Is not given by other substances producing 
metbemoglobm The latter will be described firsL 

The ammonium eulphxde naetion Oam^ (17) who first described the ac 
tion of mtrite on blood, states that when ammonium sulphide La added to nitnted 
blood the first change is to oxyhemoglobin then to reduced hemo^obin which 
however can be reoxidued by shaking with air The reduction and oxidation 
can be observed aeveral times m the first few minutes Later and this result 
Gamgee does not describe, NO-hemogdobm Ls formed (8) Metbemoglobin 
prepared by the action of organic nitrates reacts in the same way Tbe only 
difference observed was a slower change to reduced hemoglobin Ox>'h9mo- 
{^obln is not formed when ammonium sulphide is added to a methemoglobbi 
solution produced by potaashim ferrooyanlde, qumone adds or other reagents 
Its formation in the case of nitnted blood has not been explained but as it only 
results from the use of ammomacal reducing agents (ammonium sulphide and 
Stokes 8 reagent) it may be coonooted In some way with the ammonia which has 
an inhibiting effect on the action of nitrite on blood (hlarshall and Marshall ( 10)) 
A hydrofffn peroxide readion By the addition of the appropriate amount of 
hydrogen peroxide to a methemo^obm solution produced by the action of so 
dhim nitrite, a spectrum showing a ringlw band about the D line forms, which 
on the addition of sodium hydroeulphite is quickly changed to a spectrum with 
a single bond about the porition of the methemo^obin bond m the red In a 
short time two weak bands, probably of NO-hemo^obin, appear in tbe yellow 
green. The bands ore unaffected by further addition of S(^um hydrosulphite 
(Marshall and Marshall (16)) Methanof^obin tolutioas formed by adding 
organic nitrates to blood do not pass throu^ these changes The addition of 
peroxide In effective quantities converts tbe methemo^obm to oxyhemoglobin 
as it does tbe metbemoglobin produced by qulnone and adds Ferrooyanide 
metbemo^obin forms an unstable compound with hydrogen peroxide (KeOin 
and Hartiee (18)) in the absraice of catalase activity It is mteresting to note 
that nitrites Inhibit catalase action organic nitrates do not, at least not to any 
thing 1tl» the same extent 
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Sohnsamr and ABSOKPrroN The solubihtiea m w ater of the type substances 
to be considered m this section are, for 100 cc water at 18°C Methyl Nitrate, 
3 92 g , Ethylene-^ycol Dmitrate, 0 63 g , Glycerol Trinitrate, 0 12 g , Eiythn- 
tol Tetramtrate, 0 005 g , Mamutol Hexamtrate, less than 0 001 g Owing to 
the very slight solubilities of the two last, an indirect method had to be used to 
determine them A filtered saturated solution was saponified by caustic potash 
and the aolubfiity calculated from the nitnte formed usmg the mtnte number 
m alcoholic solution previously determined 

If methyl nitrate be excluded for the present and attention be ccmfined to 
the mine esters of polyhydnc alcohols, the intensity of the effect for oral ad- 
imnistration is in the order of the solubility of the substances The more sol- 
uble glycol dmitrate and glycerol tnmtrate are sufficiently volatile to produce a 
pharmacological effect and both are hpoid-soluble and are quickly absorbed 
from the stomach Still a large number of experiments on men showed that 
glycol dmitrate is somewhat more rapid and transient in action than is glycerol 
innitrete Both are more powerful but much more transient m action than 
erythntol tetramtrate which m turn is more powerful than mannitol hexamtrate * 

The parallelism of activity and solubility is equally well shown in the toxic 
effects on animals The lethal dose by oral administration vanes somewhat 
with the presentation A dose of 0.5 g per kg body-weight ^ycol dmitrate 
when merely shaken up with water and given to rabbits by the stomach tube is 
not fatal but when made mto an emulsion with a httle mucilage it quickly 
produces sennus symptoms and death If the rapidity of absorption is mcreased 
by the addition of a small quantity of alcohol death also follows After a dose 
of 1 g per kg body- weight death results however the drug is admmistered 
The less soluble mtroglycenn is less toxic -when given by the stomach The 
followmg experunent illustrates the pomt Two rabbits were taken, to one 
•was given glycol dmitrate (0 6 g per kg body-weigbt) , to the other glycerol 
tnmtrate (0 76 g per kg body-weight) Both recovered, the following morn- 
ing they were apparently normal Two days later the same rabbitfl were used 
and the administration reversed To the mtroglycenn rabbit ^ycol dmitrate 
(0 75 g per kg body-n eight) was given, to the other glycerol trmitrate (0 6 
g per kg body-weight) The first rabbit died having showTi the usual symptoms 
common to these substances — dilatation of the blood-vessels, more frequent 
pulse, some dyspnoea, metbemoglobmemm, muscular weakness and fall of 
temperature — although two days previously a sumlar dose of mtroglycenn had 
produced only sbgbt effects The second rabbit seemed scarcely affected by the 
smaller dose of mtroglycenn — the rectal temperature fell from 38 4°C to 37 4°C 
The same dose of glycol dmitrate admmistered to the same anmiat two days 

• Some investigator* have foortd mannitol hexamtrate on potrerlul as erythntol tetrani- 
tratn. This ending must have been due to the uae of impure mannitol hexamtrate 
I have prepared many batches of this compound and have never obtained it pure by 
ordinary nitration, even when using the strongest mtne and sulphuno acids available 
The product always contained the much more soluble and more active poatanitrate ^r 
the pharmacological action of mannitol pentamtrate eee Bnt Med Journ Oct 18, IWB 
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previously had caused tho tcmporaturo to fall from to 32 7®C and bad 

produced marked dilatation of tho blood vessels of tho car methomoglobin m 
the blood dyspnoea and docidod muscular v.-oakucss 

The solid oi^tanic nitrates in single doses giiTn mixed inth orator by tho 
mouth produced no obnous toxic symptoms m rabbits Erythritol tetranitrate 
in doses of 2 g per kg body weight and mannitol hcxanitrato in doses of 3 g 
per kg body weight induced no symptoms whatci er but contmued administra 
tion of much smaHor doses twice doily of oiythntol totnmitratc will produce a 
lethal effect after some dors That tho comparntiM) inootnaty of tho eohd 
organic nitrates is duo to thoir insolubility is shown by tho fact that fish — newly 
hatched trout or salmon ora boat for such expenmenta — allowed to swim m 
solutions of nitroglyconn and of erythntol tetramtrato of equal strength ore 
somewhat more readily killed by the latter solution although fish swimming m 
nitroglyconn solution show tho first symptoms 

That tho differences described arc largely due to differences in absorption 
resultmg from differences in solubility ina> bo seen m the effect on blood pros 
sure of similar concentrations Intravenously injected The effect of nitroglj-conn 
on blood pressure as Illustrated in a tracing choson from my coBcotion by Pro- 
fessor Cushny for his article In Hefftoris Handb d oxper Fharmak I 833 
was preceded bj the injection of tho same amount of erythntol tetrorutrato 
tinder identical conditions six minutes earlier Tho tax) tracings are so similar 
that they may be superposed 

Another class of expernnent allowing of comparison is that of the porfusion of 
isolated blood I’essels when tho some concentration has been used Unfortu 
nately socond picrfusions of tbo same organ are usually lees reactive than first 
perfusions so that componson must bo limited to tbe latter and again exact 
comparison is precluded by tho fact that tho tone of the vessels to bo perfused 
IS not always tho same For tho perfusion of warm bloodod organs under 
constant preasuro tho kidney proved beet for my experiments Table 1 gives 
tho outflow in co^ constant for four iracecesi\-o mmutes and therefore termed 
normal of tho animal s oism blood perfused through the Iddnoy of a sheep under 
a pressure of 70 mm Hg and the outflow dunng the third minuto of perfusion of 
1 in 10 000 of the compounds named Experiments with some nitro-eugors to 
be mentioned later are mcluded for companaon Broadly those expenments 
show that when fully nitrated compounds of polyhj dne alcohols and sugars oomo 
into direct contact with the tissue they predominantly influence, their effect is 
similar oven quantitaU\’ely Tho higher molecular compounds appear to pene- 
trato mto cells somewhat less readily than tho lower a pomt referred to m tho 
next aocUon 

This paper is chiefly ooncomed with oombattmg the view that organic m 
trates act pharmacologically through tho mediation of nitntcs It may bo 
recorded that the slightly soluble solid orgonio mtmtes were mvestigated on the 
assumption that they would yield by sapomfication m the mtoetme a continued 
wnflll amount of nitrite Eiperimonts failed to support the view After largo 
doses of OTgatuc mtiatos by tho mouUi to rabbits a small amount of mtnte 
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along TOth much unchanged nitnc ester can be extracted from the unne after a 
few hours and for a day or more, but m my eicpenments with erythntol tetram 
trate the amount of mtnte m the urme has been less than after the administra- 
tion of mtroglycenn When small doses of erythntol tetramtrate are given 
repeatedly, larger quantities of mtnte are found m the unne Thus in an ex- 
periment m which 0 1 g eiythntol tetramtrate was given mght and mormng 
to a gumea pig, more mtnte than unchanged mtrate was obtamed This re- 
sult was the only positive evidence m support of the theory Analyses of the 
intestmal contents after any doses faded to show distmct amounts of mtnte 
Even the relatively laige dose, compared with that of mtroglycenn, of erythn- 
tol tetramtrate necessarj' to produce a pharmacological effect on man, would if 
wholly transformed to mtnte, be qmte madequate to produce the effect obtamed 
Roth and Kmntz’s experiments (2) showmg that the mtnte level m the blood 
was not mcreased at the tune of the fall of blood pressure produced by orgamo 
nitrates is supportmg proof of their mdependent action Hay’s theoiy of the 

TABLE 1 


Perfutton Ihrmf/h kidney of sheep under pressure of -CO mm Hg 


coomnn<& 

nonut 
ijinnow rxJt 
Konm itf cc. 

oxnnow 
DtntDHf tsaxD 

mMVTt or 
pnroxora 
i 7 N 20*or 
ftjsmjrcx 

Glycol dimtrate 


23 

Glycerol trinitrate 


19 

Erythntol tetramtrate 


36 

Mannitol hexanitrate 


11 

Glucose pentamtrate 


23 

Quercite pentamtrate 

22 

37 

Saccharose ootomtrate 

12 

24 


action of orgamc mtrates would thus seem to have httle pharmacological sup 
port 

Nervous actions Effects which are of mterest m a comparison of the ac- 
tion of mtnte and orgamc mtrates are exhibited on the central nervous system 
Albers (19) (1864) records that mtroglycenn produces m frogs muscular stiffness 
and convulsions and his observations have been corroborated by many subse- 
quent researchers Brunton and Tait (20) attnbute the effects to an action on 
the optic lobes Atkinson (21) regards the tetanus as of spmal and the dome 
convulsions as of medullary ongm I came to the conclusion that the cause of the 
convmlsions was both basi and spmal But the seat of action is not material 
to the present discussion It is an action not mduced by mtntes which cause, 
not stiffness and convulsions, but paralysis, m toxic doses The dose necessary 
IS approximately about ten times that of mtroglycenn required to produce 
convulsions 

After the rejection of I mgm mtroglycenn mto a lymph sac of a frog suoui 
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20 g vrdgfat, muscular siilTnos is demonstrable in about 5 minutes and convul 
fllons, usually of totanio type^ soon follow and recur at Intervals during the sue 
ceeding 10 minutes Stiffness of movement may bo observed for 2 hours or 
more, after which tune recovery quickly occurs, Convulaiona are not produced 
in simPar frogs by the injection of 4 mgm ^ycol dmitrate or by 20 mgm methyl 
nitrate Slight muscular stiffness may bo observed but flaeddity, especially 
after methyl nitrate, ia a more promment symptom 
In the caae of the loss soluble organic nitrates no ajTnptoms were produced 
in frogs by any dose that could be injeoted into the lymph sacs As it was de- 
sirable to know if this action was Induced 1^ the higher nitrated members of 
the scries experiments were made on fish, mamly newly hatched salmon and 
trout and on tadpoles Nltro^ycerin, 1 m 100 000 solution will mduco con 
vulfllve movements in about 10 mmutes, 1 in 10,000 in 2 mmutes and death 
m a few hours, Erythntol tctranltrate 1 m 100 000 solution, did not cause 
convulsions but 1 m 20 000 solution induced convulsive Iwitchmgs of the tall 
in 10 minutes and more prolonged contractions later In comparable concen 
trotlons convulaivo twitchlngs or contractare appeared decidedly later in crythn 
tol tetranHrate solutions than m nitroglycenn solutions althou^ the erythntol 
nitrate appeared to be the more lethal Saturated solutions of mannitol hex 
anitrato had no obvious effect It would seem that erythntol tetranltrate is 
less readily absorbed but Is effective In inducing convulsive movements after 
absorption and that still less soluUe higher nitrated compounds are not ab- 
sorbed in effecUve amounts to produce this action 
The question whether these nervous effects are due to the alkyi radical or to 
the mtrate moiety suggested itself Glycerin does not produce them but it h 
not a good comparative substance for nitroglycenn Glyceryl-glucoside as 
more likely to give information of the action of the gljceryl group was prepared 
but on testing on frogi it did not produce tb© chsraotensUe cervoaa effects 
Nor did the corresponding hydrochlono ester tri-chlorhydnn 

O man OAT. OO N BT l T U T i ON AND PHABUACOLOOICAIi ACTION The mtJlC eSteiB 
investigated b^ me excluding insoluble compounds and the nltno eaters of some 
organic acids, fall pharmacologicaily into two mom groups (i) Those aapontfied 
normally by ftJtmH into morgonio nitrate and the corresponding alcohol, like 
methyl nitrate and the Immediate higher bomologucs and (li) those forming 
mtnte and other products on saponification with alkalies, like the mtrio esters 
of the polyhydric alcohols and the sugara. The members of the first group are 
less active as vasodilators than the members of the second group The toxic 
effects of the two groups also show differenocs The chief symptoms of poison 
mg by glycol dlnltrate and nitroglycenn have been mentioned. Methyl m 
trato given to rabbits produces the ^nmptoina of organic nitrate potsoning— 
quickening of the pulse dyspnoea methemoglobinaenua — and symptoms of 
^cohol poisoning — unsteadiness chewing and running movements, unoon 
sciousnere Small toxic doses (1 g per kg body weight) caused some dilatation 
of the blood vessels and increased frequency of the pulse and alight lowering of 
the temperature (0,8°C ) but no dyspnoea Chewing movements oocurrod but 
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consciousness was not lost and apparent complete recovery followed within an 
hour of the administration The lethal dose for rabbits given by the stomach 
tube IS 5 g per kg body-weight, and is approximately five tunes that of glycol 
dimtrate 

la its actions on separate tissues methyl nitrate is also less powerful than the 
soluble mtnc esters of polyhydnc alcohols This pomt m the case of blood is 
shown m figure 1 On blood-pressure nearly fifteen tunes the quantity of 
nitroglycerm mtravenously is required to produce a similar effect, and nearly 
fifteen tunes the concentration of mtroglycenn is necessary to produce a com- 
parable vasodilatmg effect when perfused through the blood vessels of the sheep’s 
kidney In man the dose necessary, when given by the mouth, to produce a 
comparable vasodflator effect is one hundred tunes that of mtroglycenn, but its 
effect is more prolonged 

The homologues of methyl mtrate act similarly There xs an mcrease in tox- 
icity and to a less extent in vasodilatmg power as the senes is ascended, at least 
as far as the amyl mtrates The difference in pharmacological action of methyl 
and ethyl mtrates is small It is greater between these and the propyl mtrates 
Propyl and iso-propyl mtrates have practically the same phaimacological 
action Secondary butyl mtrate is somewhat more active than normal butyl 
nitrate probably owing to its lesser stabihty Cash and Dunstan ( 22 ) found 
the same for the correspondmg mtnte compounds I was unable to prepare a 
tertaaiy mtrate for pharmacologica! investigation Sunilar differences in 
activity are found m the alcohols and other comparable compounds and are 
attnbutable more to the alkyl radical and to changes m ph3i8ical characters than 
to any influence of the mtrate group 

With the mtnc esters of the monbydnc alcohols penta-erythntol tetramtrate 
may be associated This compound has four nitrated pninary alcohol groups 
attached to a central carbon atom It is a much more stable substance than 
eiythntol tetramtrate and it has a much weaker pharmacological action 

The vasodilating action of the mtnc esters of other polyhydnc alcohols is 
connected solely with the mtrate groups Modifications m the alkyl moiety are 
m general of small importance Propylene-glycol dimtrate has the same action 
as ethylene-glycol dimtrate and, apart from its smaller solubihty m water, so 
has tnmethylenegljcol dimtrate The arrangement of the mtrate groups m 
the mtnc esters of hexahydnc alcohols or sugars appears to be without mfluence 
Manmtol hexamtrate, dulcitol hexamtrate and sorbitol hexamtrate have the 
same action, and arabmose tetramtrate, rhamnose tetramtrate, glucose pentam 
trate, fructose pentamtrate, quercite pentamtrate and saccharose octomtrato 
show no differences which cannot be attnbuted to differences m stabihty and 
solubihty And, apart from changes m solubihty, the mtroduction of alkyl or 
halogen groupmgs into such compounds does not appear to influence the vaso- 
dilating acUon Methyl-glycerol dimtrate has practically the same vasodilat- 
mg acUon as glycerol dimtrate, and dichlorhydnn mtrate as glycerol monom- 
trate 

The presence of a hydroxyl m the molecule especially m the terminal groups 
Bcems to dimmish the activity of mtnc esters when compared m equal concon- 
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trations but, smcc the hydroxyl also confers greater aolubllity In water it may 
happen that the less mtrated compound Is more acthro pharmacologically 
Glycerol dinitrate is much less active as a \’a8odilator than is glycerol trinitrate 
and ^ycerol mononitrate is much less active than glycerol dimtrate Mannitol 
pentanltrate on the other hand is more powerful than mannitol hexamtrate 
because it is at least forty tunes more soluble m water than mannitol hexamtrate 
And dulcitol pentamtrate is more powerful than dulatol hexanltrate for the 
same reason If however, thoj are compared In the same concentration the 
pentanitrates are less powerful than the l^xanltrates In the some concontra 
turn arabltol pentanltrate Is more powerful than the pentaiutrates of mannitol or 
dulcitol 

In a senes of mteresUng papers Krantx and co-woric e rs (1 2 23) have de 
scribed the pharmacological action of the mine esters of the anhydrides of eiyth 
ntol and manmtol, and, although much more soluble m water than the nitno 
esters of erythntol and manmtol have found them to possess the same pn>< 
longed action. Krantx, Carr, Forman and Flltw (24) conclude that Hhe pres> 
ence of the ether linkage m the molecule of the mtrates of the sugar alcohols 
reduces somewhat the potency of the compound as a depressor dnig but pro- 
longs the doratlon of response ’ Isomannlde dimtrate was most extensively 
mveetigated Isomannido is a comparati\'ely stable subetance and Krantx 
Carr, Fonnazi and Ellis (25) ferund that isomanmde dlnitmte unlike the nitrates 
of ^ycerol, erythntol and mannitol, is not hydrolysed by oaustio alkali In this 
resp^ it is like the nitrates of monhydiio alcohols and the desenpUon given 
of its vaso-dQatmg action seems to me to agree more closely with that of the 
nitrates of monhydno alcohds thAn with that of the mtrates of polyhydno 
alcohols 

Krantx, Carr, Forman and Cone (7) in explaining tho action of organic m 
trates invoke the Partition Law to on extent greater than I con accept The 
Principle of Partition Coeffidenta m pharmacology is concerned mamly with 
absorption (through the *kin or mucous membranes, or from the blood or other 
extra-cellular fluid into cells) not with asiimilatioD and It is certain that in 
produemg their predominant action mtno esters undergo change within ftnlln 
The lipoid content of unstriped muscle is not very different from that of blood 
plasma end consequently it Is not obvious wby lipoid solubility should play so 
important a part m the action of nitnc esters A difference of partition-coef 
ficients may cxplam the difference m veso-dilator power of the mtnc esters of 
some organic adds and their alkjd denvativcs noted by Krantx Carr Forman 
and Cone (1) and also recorded by mysdf (26) but the vnso-dilatmg action of 
other equally comparable senes such as the mtrates of homologous monhydrio 
alcohols, is not proportional to their partition-coefficients Moreover the pow 
tion of glyceryl tnmtrate, given by Krantx, Carr Forman and EHia (27) in 
table 1 does not seem to support their contention Glyceryl tnmtrate pharma 
cologically does not occupy a position between erythntol tetranitrate and 
manmtol hexamtrate and smee it is 26 times more soluble in water than oryth 
ntol tetramtrate it is difficult to understand the partition figures given 

Krantx Carr, Forman and CJono (1) appear to accept Whitmore s suggestion 
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consciousness was not lost and apparent complete recovery followed withm an 
hour of the admmistration The lethal dose for rabbits given by the stomach 
tube IS 5 g per bg body-weight, and is approximately five times that of glycol 
dinitrate 

In Its actions on separate tissues methyl mtrate is also less powerful than the 
soluble mtnc esters of polyhydnc alcohols This point m the case of blood is 
shown m figure 1 On blood-pressure nearly fifteen times the quantity of 
nitroglycerm mtravenoualy is required to produce a similar effect, and nearly 
fifteen tunes the concentration of nitroglycenn is necessary to produce a com- 
parable vasodilatmg effect when perfused through the blood vess^ of the sheep's 
kidney In man the dose necessary, when given by the mouth, to produce a 
comparable vasodilator effect is one hundred times that of mtrogljcenn, but its 
effect 13 more prolonged 

The homologues of methyl mtrate act similarly There is an mcrease m tox- 
icity and to a less extent in vasodilatmg power as the senes is ascended, at least 
as far as the amyl mtrates The difference m pharmacological action of methyl 
and ethyl mtrates is small It is greater between these and the propyl nitrates 
Propyl and iso-propjl mtrates have practically the same pharmacological 
action Secondary butyl mtrate is somewhat more active than normal butyl 
mtrate probably owmg to its lesser stabihty Cash and Dunstan (22) found 
the same for the correspondmg mtnte compounds I was unable to prepare a 
tertiary mtrate for pharmacological investigation Similar differences m 
activity are found in the alcohols and other comparable compounds and are 
attnbutable more to the alkyl radical and to changes m physical characters than 
to any influence of the mtrate group 

With the mtnc esters of the monhydnc alcohols penta-erythntol tetramtrate 
may be associated This compound has four mtrated primary alcohol groups 
attached to a central carbon atom It is a much more stable substance than 
erythntol tetramtrate and it has a much weaker pharmacological action 

The vasodilatmg action of the mtnc esters of other polyhydnc alcohols is 
connected solely with the mtrate groups Modifications m the alkyl moiety are 
in general of small importance Propylene-glycol dmitrate has the same action 
as ethylene-glycol dmitrate and, apart from its smaller solubihty m water, so 
has tnmethyleneglycol dmitrate The arrangement of the mtrate groups in 
the mtnc esters of hexahydnc alcohols or sugars appears to be without influence 
Manmtol hexamtrate, dulcitol hexamtrate and sorbitol hexamtrate have the 
same action, and arabmose tetramtrate, rhamnose tetramtrate, glucose pentani- 
trate, fructose pentamtrate, quercite pentamtrate and saccharose octomtrate 
show no differences which cannot be attnbuted to differences m stabihty and 
solubility And, apart from changes m solubility, the mtroduction of alkyl or 
halogen groupmgs into such compounds does not appear to influence the vaso- 
dilating action Methyl-glycerol dmitrate has practically the same vasodiiat- 
mg action as glycerol dmitrate, and dichlorhydrm mtrate as glycerol mononi- 
trate 

The presence of a hydroxyl m the molecule especially m the terminal groups 
seems to dimmish the activity of mtnc esters when compared m equal concen- 
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trations but, gmce the hydroxjl alao confers greater solubUitj m water it may 
happen that the lees nitrated compound Is more active phaimacologicaUy 
Glycerol dinitrato is much less ecUvo as a vasodilator than is glycerol tnnitmte 
and ^yocrol mononitrato la much leas active than glycerol dimtrato Mannitol 
pentamtrate on the other hand is more powerful than manmtol hexanitrate 
because it is at least forty times more soluble in water than mannitol hexanitrate 
And dulcitol pentamtrate is more powerful than duldtol hexanitrate for the 
Bamo reason If, however, they are coraparod in the same concentration the 
pcntanitrates are less poworfol than the hexanltrates In the same concentra 
tlcm arabitol pentonltrate is more powerful than the pentanitrates of mannitol or 
dulcitol 

In a Bcnea of mterestlng papers Krantx and co-workers (1, 2 23) have de- 
scribed the pharmacolo^cal action of the nitno esters of the anhjilrides of eryth 
ritol and mannitol and although much more soluble m water than the nitrio 
esters of erythritol and mannitol, have found tbem to poeeoss the same pro- 
longed action Krantx, Carr Forman and EUis (24) conclude that 'the pres- 
ence of the ether linkage in the molecule of the nitrates of the sugar alcohols 
reduces somewhat the potency of the compound as a depTossor drug but pro- 
longs the duration of response ' Isomanmde dinitrate was most extensively 
investigated. leomannlde is a comparatively stable substance -and Krantx, 
Carr, Forman and Ellis (25) found that tsomannlde dmhrato unlike the nitrates 
of ^ycerol, erythntol and manmtol is not h3rdrol>'Bed by caustic alkali In this 
respect it is like the nitrates of monhydno alcohols and tbe description given 
of its voso-dilating action seems to me to agree more closely with that of the 
nitrates of monhydno alcohols than with that of the nitrates of polyhydno 
alcohols 

Krantx, Carr, Forman and Cone (7) m explaining tbe action of orgamc m 
trates, invoke the Partition Law to an extent greater than I can accept The 
Prmciplo of Partition Coefficients m pharmacology is concerned mainly with 
absorption (through the skm or mucous membranes or from the blood or other 
extra-cellular fluid into cells) and not with assimilation and it is oertam that m 
produomg their predominant action mine esters undergo change withm cells 
The lipoid content of unstriped muscle is not very different from that of blood 
plasma and consequently it is not obvious why lipoid solubOity should play so 
important a port in the action of nitrio esters A difference of partition-coef 
fiaenta may explain the difference m vaso-dBator power of tbe mtno esters of 
some organic acids and their alkyl denvatives noted by Krantx Carr Forman 
and Cone (1) and also recorded by myself (26) but tbe voso-dilating action of 
other equally comparable senes, such as tbe mtmteo of homologous monhydric 
alcohols is not proportional to their partition-coefficients Moreover the pom 
tion of glyceryl trmitrate, given by Krantx, Carr Forman and EUb (27) m 
table 1 does not seem to support their coutentioii. Glyoeryl trimtrate, pharma 
cologically, doe* not occupy a position between erythritol tetnimtrate and 
mannitol heiamtrate and since it is 25 times more soluble in water tlmn oryth 
ritol tetranitrate it is difficult to understand the partition figures given 

Krantx, Carr Forman and Cone (1) appear to accept Whitmoro s suggestion 
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of an intramolecular oxidation occumng after hydrolysiB for such orgamo 
nitrates as those of glycerol, erythntol andmanmtol expressed as R CH ONOi 

/■ 

^ “t" HNOi (cf Carlson (11)) It is not stated that this equation 

H 

represents a possible mtracellular change but it is -worthy of consideration from 
this pomt of new Aldehydes do not produce vaso-dilatmg effects and there- 
fore the equation if accepted requires mtnc esters to act through the mediation 
of mtrous acid This hypothesis mvolves us agam m the nitnte theory hut now 
m the cells themselves It is a theory I once held, partly because the degree of 
activity of the mtnc esters as vaso-dilatora is roughly, although not exactly, 
parallel with them hydrolysis to mtnte by alkahes But later work -with blood 
as descnbed m a previous section seemed to show that the dissolution of nitnte 
and orgamc mtrate is not the same, and there remains the bogie that if the whole 
of a therapeutic dose of mtroglycenn were converted to mtrous acid it would not 
explain the effect produced The kmetics of mtrate have not proved so help- 
ful as the kmetics of mtnte m unravelling their respective pharmacological 
actions Bruhl (28), from physical experiments, and Carlson (11), from chem- 
ical ones, suggested that orgamc mtrates possess peroxide properties Carlson 
found more oxygen was given off from a mixture of mtroglycenn, ethyl alcohol 
and hydrogen peroxide alkahsed -with caustic soda, than from alcohol, hydrogen 
peroxide and alkah alone — 138 cc compared -with 21 cc m the control in 20 
hours My experiments -with methyl mtrate and ethylene-glycol dmitrate ha-ve 
not confirmed his experiments -with mtroglycenn These orgamc mtrates did 
not mcrease materially the gas given off when alcoholic solutions were added to 
alkalised hydrogen peroxide Moreover the velocity of the reaction, which is 
very slow, is not distmctly affected by the presence of orgamc mtrates, nor ha-ve 
the orgamc mtrates m moderate quantities any decided effect on the bberation 
of ojgrgen from hj drogen peroxide by blood It is difficult to suppress the idea 
that the mitial pharmacological action of orgamo mtrates, at least on blood, is 
associated -with a very mobile oxygen atom, but I have not been able to obtam 
any supporting e-vidence for the -view 

StrUMABT 

Saponification of orgamc mtrates is bnefly considered and the reaction of 
mtntes and orgamc mtrates to oxidizmg and reducmg agents is descnbed 
The action of mtnte and orgamc mtrates on blood, on certain reactions m 
blood, and on the nervous system are compared 
The influence of solubihty on the absorption and pharmacological action of 
orgamc mtrates and of modifications m their constitution are discussed 
It IS concluded that orgamc mtrates do not act through the mediation of 
mtntes 
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Recent pubEcations present a substantial amount of evidence favonng the 
hypothesis that most of the symptoms of anaphylactic shock are due to histamme 
hberated by the tissues dunng the antigen-antibody reaction (1-6) The de- 
velopment of chemical or biological substances capable of dimimshmg or abolish- 
ing some of the effects of histamine would thus be expected to alleviate anaphy- 
lactic shock and possibly various allergic manifestations m which histamme may 
be a causative factor 

Hill and Martm (6) published an extensive critical review m 1932 which served 
to emphasire the fact that although numerous substances had been tested there 
was none which could be considered an ideal agent for aUeviatmg anaphylactiB 
shock m experimental animals Dunng the past decade more efficacious means 
of antagomzmg histamme have been sought (7) 

The enzyme, histammase, slowly destroys histamme xn vxiro Gaims made to 
the effect that parenteral mjection of histammase alleviates histamme shock and 
anaphylactic shock (8, 9) have not received support from data obtamed by sub- 
sequent mvestigations (10-14) 

Fell and co-workets (15, 16) demonstrated that histamme functions as a hapten 
when combmed with despeciated normal horse serum globuhn for antibodies 
partially specific for histamme were produced m animals, and immunized gumea 
pigs exhibited a defimte degree of resistance to anaphylaxis Such antibodies 
have also been demonstrated m human beings (17 , 18) 

French mvestigators (19-21) have selected a number of chemical compounds 
which possess remarkable anti-histamme potency The abihty of 2-isopropyl- 
6-methylphenoxyethylamme (929F) and N-phenyI-N-ethyl-N'’-diethylethyl- 
enediamme (1671F) to alleviate anaphylactic shock and histamme-mduced 
bronchoconstnction and to prevent histamme from contractmg mtestmal muscle 
has been confirmed (22-24) The drug, Antergan, N-dimethylammoothyl-N- 
bemylanihne, with anti-histamme properties similar to those possessed by 929F 
and 1671F has recently been reported to be therapeutically effective m some cases 
of asthma, hay fever, serum sickness, urticaria, migrame and other clmical condi- 
tions (25-28) 

The anti-histamme activity of an extensive senes of synthetic antispasmodics 
was studied by testmg their abihty to reheve bronchoconstnction and thereby 

•Preeent address Department hf Phannacology, University of Rlinois CoUego of 
Medicine, 1853 Vert Polk St , C!hicsso 12, Illinois 
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reduce the percentage mortalitj In guinea pigs treated with histamine The 
majority of the compounds studied were bcnihydryl nlkamine ethers which can 
b e repr esented by tho general formula, 

^ — 0 — B where B represents a carbon chain bearing a primary, seo- 

(mdary or In most cases a tertiorj nitrogen atom For example, R may be 
^-dimethylammoethyl or 7 morphoUnopropxl 

Theee compounds were synthesised by Dr Qeorgo Rleveschl Jr* and Dr 
W Frodanclc Huber* mthnlabomtones of the Department of Chemical Engineer 
mg TJmversity of Cincinnati and Porin Davis &. Co Detroit Tho hjdrochlo- 
ndea of tho benihydiyl ethers are soluble in water and stable under ordinary con 
(Btions of temperature and atmosphere. 

Metthods Inhalation of atomised histamine induces a bronchial asthma m 
guinea pigs which can be alleviated b} anti histamine or antispasmodlo drugs 
(13 26, 29-31) We have produced fatal bronchoconstnctloai conaistontly in 
guinea pigs with rapidity and ease by subjecting them to histamine atomised 
under gtandardlsed oonditions Teethig of compounds for anti -histamine activ 
ty ccmsisted of comparing the mddence of mortoli^ m guinea pigs treated with a 
g^ven compound before subjecting them to atomised histamine with that obtain 
mg m untreated ftnimahi approximately 00 per cent of which succumbed within 
15 minutes 

The apparatus (fig 1) consisted of a plain cidindrical glaas jar (Coming Pyrex 
jP850) of gallon capacity which was inverted over a earner of galvaidied 
wire meah divided mto four compartments each accomodating a sin^e guinea pig 
The carrier was constructed wdth a t^lindncaJ opening m the center so as not to 
obstruct tho mist which was emitted vertically from a ^ass atomiser fixed in the 
center of the inverted desiccator cover One of the two glass tubce possing 
through the bottom of the chamber served as an open vent tho other oonnocted 
to a vacuum Une, mode it possible to draw air through the chamber in order to 
remove any histamine which might be present at the end of an experiment. 

The ^ass atomlxer constructed for use was sunllar to the metal atomiser 
deecnbed by Tatterafidd (32) It was connected with rubber tubmg to a 
mercury manometer and thence to the compreesed air line the tubing being 
provided with an open T The capillary tubmg centrally placed in the atomiser 
measured 1 mm m diameter Ckintmuous air flow was so adjusted that doeure 
of the T resulted in a pressure of 160 mm Hg and vaporisation os a fine spray, 
of 0.5 cc. of aqueous histamine diphosphate withm 16 to 25 seconds Under 
these conditions a concentration of histamine of 1 80 consistontiy produced 80 
to 100 per cent mortality whan administered to a total of 16 to 20 untreated 
gumeo pigs on any given day Replacement of the atomiser necessitated rede- 
termination of the concentration of histamine which would produce tho same 
mddence of mortality 

iProaest sddren: Pxrke DatIs Co Bstrolt tflchltan. 

* Prannt address Monsanto Cbwnleal Oo IHjton Ohio 
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Compounds to be studied were injeoted mtrapentoneally 15 minutes before 
Bubjectmg the guinea pigs to atomized histamme solution Animals of both sexes 
n eigbmg 250 to 450 grams were used Records were kept of onset, duration, and 
degree of symptoms as well as mcidence of mortahty Ten mmutes after the 
histamihe was atomized a current of mr was drawn through the chamber for two 
mmutes before removmg the animals 

The acute toxicity (table 1) of each compound was detenmned by mtrapenton- 
eal administration of a different dose to each of five groups of 10 male and female 



Fio 1 Diaqram or Appakatos Used to Atomize Histamine and Pbodote Fatax. 
Expbiumentai- Asthma in Guinea Piob 


P, plain elnsB lar (12 x 12 in ) inverted over wire earner (W) 

D, inverted desiccator cover serving as floor of chamber 

A, glass atomiier (details shown at right) and graduated reservoir (H) connected with 
rubber tubi^ to mercury manometer at (M) and to compressed air bnc at (G) 

OM glass tube through stopper served as a vent, the other (Vc) was connooted to the 
vacuum line 

albmo rats weighmg 100 to 125 grams The deduced mortality was deternuned 
by the method described by Dragstedt and Tang (33) and later used by Behrens 
(34) These data were used m construction of a dosage-mortnhty curve from 
which the LD-50 was calculated 

Results The entenon for determinmg whether a given drug was efficacious 
in afleviatmg bronchoconstncUon was a sigmficant reduction m percentage mor- 
tality from that which obtamed m unmjected control animals subjected to atom- 
ized histamine under identical conditions on the same day 
The degree of potency possessed by a drug has been expressed by an activity 
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index AmmophylUno at a doee of 60 logni /kgm reduced the mortahty of 
hiatamine-poiflODcd guinea pigs 60 per cent and has been given an activity index 
of unity The activity index of each compound tested ia the ratio of the 60 
mgm /kgm. doee of ominophylhno to the minimum mgm./kgm dose of a given 
drug rrhich reduced mortalit> a significant degree Thus papavenno at a doee 
of 25 mgm /kgm reduced mortahty 30 per cent and therefore has on activity 
index of 60/26 or 2 0 

Our data indicate that a comparatively large dose of ommophyllino was re- 
quired to reduce the mortalitj of guinea pigs subjected to atomised histamine 
Young and Qflbert (36) reported that doses of 30 to 60 ragm./kgm. injected 
intravcnouslj dimhiiahed the symptoms and mortahty of gumea pigs injected 
with histamine or subjected to anaphylactic shock Emmolln el al (30) found 
that high concentrations of xanthine dorivatixTiSi designated os anti histamme 
and anti-anaphj'lactio were necessary to definitely antagonuo the contn^itmg 
effect of histamine or antigen on mtestinal nniado tn vnlrc 

In sharp contrast to ammophylline and papavenne the Foumeau histamme 
antagonists, 2 isopropyl*5 methylphenoxydiethylamino (929F) and N-phenyl 
N-ethyl N'-diethylethidenediamme (1671F), are offecti\ o m small doses These 
compounds wore studied pharmacologically In some detail by Staub (21) and 
later by others (22-24) and there la agreement that the compounds are markedly 
active In counhvactmg the effects of histamme on smooth muscle os deononstrated 
by tn nfro and tn rtro experiments Our data obtained with the atomised his- 
tamine techmq;ue reveal that 1671F is considerably more jwtent than 929F 
This IS in general ogreemont with the observations of Staub (21) who found that 
929F protected guinea pigs to some degree against throe lethal dosce of higtamhift 
mject^ intravenou8l> , whereas 1671F was effective against four lethal doses and 
papaverine against only one lethal dose With the possible exception of Anter 
gan (25 26) fi29F and 1671F ore the most potent histamine antagonists hereto- 
fore described and in these exponmenta relatively HmoU doses markedly reduced 
mortahtj The maxunal doses of the Fouraeau compounds employed were 
tolerated well and although the atomised histamine usually induced dyspnea very 
few of the animals devdoped asphyxial convulsions. 

The bonihydiyl ethers are listed m table 1 in descending order of anti-hlstamme 
potency as mdicated bj their effectiveness In reducing the percentage mortality 
in gumea pigs subjected to atomixed hrstonuno Inspection of the accumulated 
data rdating to the Foumeau compounds and to a number of bonihydrjd ethers 
reveals that a decrease in dosage with a given compound almost without excep- 
tion resulted m a decrease of effectiveness 

The three most potent of these new ^mthetio compounds are ^-dimethylammo- 
ethyl iS-pipcridinoethyl and /? morpholmoethyl benihydryl ether The first 
two compounds ore at least twice as potent as ^morpholmoethyl benihydryl 
other which has activity comparable to that of 1671F, the most active Foumeau 
histamine antagonist mduded in this study With each of those four compounds 
the minimum dose which reduced mortality a significant degree represents only 
1/30 to 1/60 of the intraperitonoal LD-60 in rats or guinea pigs Compound 
No 2 is more toxic in gumea pigs than m rats The hipest doses employed with 
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the three most potent benrhydryl ethers (12^ mgm /kgm ) induced no to-ac 
responses and were capable of protecting all or a majonty of animals from death 
on exposure to atomised histamine In many animals dyspnea "was the only 
symptom related to histamine treatment No toxic effects of the drugs wore 
observed Oral administration of several of the most active benrhydryl ethers 
to gumea pigs conferred protection against atomized histamme 

The least active compounds studied, i e , those with activity mdices of 1 or 2, 
are equally as potent as ammophyllme or papavenne Several compounds were 
mactive at doses employed or else were not administered rntrapentoneally be- 
cause of their insolubdity 

^^ffth the techmque employed mvolvmgthe inhalation of atomized histamme it 
would seem probable that any drug which reduced the minute volume of air 
breathed would lessen the seventy of the experimental asthma It is sigmficant, 
therefore, that pretreatment of gumea pigs with two of the benzhydiyl ethers 
proved an effective means of reducmg the mortahty due to mtravenous adminis- 
tration of histamme Compounds 1 and 2 were administered rntrapentoneally 
m doses of 3 0 mgm /kgm thirty nunutes before mjectmg histamme diphosphate 
(1 67 mgm /kgm ) mto the jugular vem Whereas all of the 20 control animals 
which received aahne placeboes died withm ten minutes after mtravenous admin- 
istration of histamme, the mortality rate was only 60 per cent m groups of 20 
animals pretreated with either of the compounds 

Discussion The techmque descnbed for selection and comparing the 
activity of compounds which have bronchodilator or anti-histamme activity has 
defimte advantages such as rapidity of performance, simplicity, and reproduci- 
bility Reduction m mortahty as the cntenon for drug effectiveness enhances 
the objectiveness and rehabihty of the method Othere (13, 26, 29-31) have 
depended almost wholly on more subjective data such as scores mdicatmg the 
degree of asthma observed m animals exposed to atomized histamme Informa- 
tion obtamed from mtact unanestfaetized animals regarding bronchodilator or 
anti-histamme activity of drugs has defimte value as an aid m the evaluation of 
such agents In conjunction with other data, that obtamed with the use of the 
method descnbed should aid m the selection of specific histamme antagonists as 
well as musculotropic antispasmodics which have some selectivity of action on 
bronchiolar smooth muscle 

Presumably, the reduction m mortahty and seventy of symptoms noted after 
treatment with the benzhydiyl ethers as well as with 929F and 1671F is referable, 
for the most part, to rehef from the severe bronchoconstnction which is known to 
occur m gumea pigs following administration of histamme Autopsies mvanably 
revealed distended lungs m untreated control animals This condition, which is 
mdicatrve of severe bronchoconstnctioD, was not found in treated animals killed 4 
to 10 mmutes after exposure to atomized histamme solution The depressor 
effects of histamme are dumnished by 929F (37) and m view of the fact that the 
benzhydiyl ethera (compounds 1 and 3, table 1) dimmish the depressor effects 
of small doses of histamme and acetylcholme m dogs anesthetized with pheno- 
barbital (unpublished data) it is possible that both types of compounds aUeviate 
histamme shock by dimmishmg the vascular as well as the bronchiolar effects of 
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histamine However, the predominant effect of atomiied histamine in guinea 
pigs would probably be upon the bronohioloe 

It IS poa^le to draw several conclusions concerning the relation of chemical 
Btructure and antiJiiatamine activity based on the compounds reported m this 
study A chain length of two carbon atoms is found m the five most active com 
pounds (Noe 1-6) (Compounds with longer or branched carbon chains are less 
active This is apparent m comparing compound 3 with compounds 8, 12 and 14 
however, the relativo potency of Nos 6 and 7 oppoeos this view An mcrease In 
chwin length obtained by an oxygen Interrupted chain (compound 16) also de- 
creased the activit> The character of the subatitution on the nitrogen atom 
b seen bj comparing compounds 1 4 and 9 in which activity is in the order of 
tertiary amine > secondaiy amine > primary amin e In general, the data mdl 
cate that an mcrease m site of the group on the nitrogen atom leads to less active 
compounds in both the secondary and tertiary ammra (compare compounds 4 
6 am} 13, also 1 6 16 and 17) Compound 11 represents one example of sub- 
stitution on the benzene rings of the benihydryl group On comparison with the 
analogous unsubstltuted compound (No 3) the 4,4'-<ilchlorobenihj'dryl P 
morpholinoethyl ether is seen to be much less active but leas teede It is interest- 
ing that this compound In toxic doees produced depression m rata whereas the 
other ethers Induced tremors and clonic convulsions. Compounds 18 19 20, 
end 21 are the amine analogues d compounds 3, 6, 7 and 9 in the ether series and 
it 18 evident that the replacement of the ether linkage by liH leads to inactive 
compounds 

lie marked potem^y exhibited by these benihydiyl ethers in relation to ef 
fectirenesB m alleviating the bronchoconstnetor effects of histamine administered 
as a mist or intravenously is of importance from several respects Objectives 
in the selection of useful antlspasmo^cs include the development of compounds 
with strong musculotropio activity (38) as indicated their ability to antagonhte 
substances such as histamme and barium <hloridfi 'With the exception of Bern 
ero^ (31), gastro-intostinal or utenne antispaamodlcs now employed climcally ore 
not noted for effeodvoness In alleviating histamins'mduoed bronchoconstnctlcoi 
The fact that benihydryi etbea alleviate anaphylactic shock (39) as well as 
hifrtjiTnInw shock Bupports the contention that histamine is probably intimately 
rdated to anaphylaxis The marked onti-histamine activity of these synthetio 
antispasmodlo compounds suggests experimental and climcal appbcatioo in 
problems deahng with the rdle of histamine in ^istno secretion vasodilation, 
capniai 7 penneabUity,painmediatian smooth muscle spasm and various ellergio 
syndromes 

SUiaiABT 

A method has been desenbed for producing fatal bronchoconstriction in guinea 
pigs by administration of atomixed histamine scdutiom The terimlque has been 
used to advantage in evaluating the aUlity of aynthetia antispasmodics to affevi 
ate the experimental asthma thus induced 

Three potait compounds selected from a series of benihydryi wlkwm<nft ethers 
are ^-dimethylamlnoethyl /5-piperidinoothyl and ^morpholinoethyl bonihy 
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diyl ether The activity of the first two compounds was demonstrated to be two 
to four tunes greater than that exhibited by the Foumeau histamme antagonists 
929F and 1571F Furthermore, they alleviated symptoms and dimmished 
mortahty m guinea pigs given mtravenous mjections of histamine The activity 
of /3-morpholmoethyl benshydryl ether equalled that of 1671F For each of the 
most active benzbydiyl ethers the minim um dose administered intrapentoneaUy, 
which reduced the mortahty rate a significant degree m guinea pigs subjected to 
atomized histamme, was only 1/30 to 1/60 of the mtrapentoneal LD-50 m rata 
or gumea pigs 

The benzhydryl alkamme ethers are of special mterest m view of their possible 
use m the study of phj'siological and pharmacological responses to histamme as 
well as the relationship of histamme to allergic and anaphylactic manifesta- 
tions 
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Inthospermum ruderale, a plant belonging to the Boraginaceae family, -was 
used m the fonn of an infusion by Amencan Indians m order to prevent con- 
ception (1) Experiments are herem reported m which the crude drug lowered 
the mcidence of birth m mice by interference with estrous cycles In addi- 
tion, the drug caused a decreased rate of growth and a decrease m the weights 
of sex organa, thymus and pitmtary ^and 

Genebal methods In all experiments n flmdeitract was made of the ground plant, 
lathospermum ruderale, with fiO per cent alcohol The fluidextract was adnunlstered to 
animalB by mixing with normal diet, ground Funna dog chow In preparing a diet the 
desired amount of drug was mixed with part of the normal diet, this allowed to dry thor 
oughly and then brought up to final weight with addition of normal diet 

Diets were fed ad hbltum, except where mentioned to the contrary, and a record of 
daily food intakes kept When any spiUing of food occurred it was taken into considera- 
tion in figuring food intakes Animals were kept in individual cages in all expenmenta 
except those concerned with mating The ammals used were white mice raised in this 
laboratory from an inbred strain 

When mice were autopsied they were killed with ether, the organs carefully dissected 
out, immediately placed in a covered petri dish on moist, but not wet filter paper and then 
weighed in a weighing bottle on a chamomatic scale to a tenth of a milligram The uterus 
plus vagina and seminal vesicles plus prostate were freed of theirsecretions before weighing 
Statistical differences in organ weights were computed from the probable error of the mean 

Specimens of the plant were identified under the direction of Mr B Y Momson, pnn 
cipalhortioultunatin charge of the Division of Plant Exploration and Introduction,Bureau 
of Plant Industry, Soils and Agneultural Engineenng, United States Department of 
Agncnlture 

Past i mating expehiments Young adult male and female mice were 
fed a 20 per cent Lithosperm X diet for ten days pnor to and during the matmg 
penod of ten days Three females were usually mated with one male Of 
forty-four treated females fifteen, or 34 per cent, gave birth to young whereas 
twenty-eight, or 'tO per cent, of forty control females httered Thus the inci- 
dence of birth was reduced by 51 per cent m treated mice The number of 
young per htter was not altered by the drug 

* Tins work was done in connection with the Indian Medicinal Plant study of the Bu- 
reau of Plant Industry, Umted States Department of Agriculture 

» This work was presented as a thesis to the Graduate School of the Umversity of Minne- 
sota in partial fulfillment of the degree of Doctor of Philosophy 

» Lithosperm X refers to drug picked in 1038, Lithosperm Y to drug picked in 1939 and 
percolated at a moderate rate and Lithosperm Z to drug picked in 1939 but percolated at a 
^ly slow rate Lithosperm X was the most potent, Lithosperm Y relatively inactive and 
lathosperm Z intermediate 
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During the course of later expenmente the drug appeared to be leas active 
and therefore another mating experiment was conducted, nmng 20 per cent 


Group li 



Fxa 1 Errmooi Otclm 

Lithoepenn Z A decided decrease in dnig potency was noted, the incidence 
of birth bemg reduced by only 12 per cent with the same concentration of drug 

Past n ebtroub otcles. I^or these expenmants female mice were separated 

from malea at the time of weaning ‘When two to 6vo months old the femalee 
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were placed in mdindual cages, fed nonnal diet, weighed every five days and 
their estrouB cycles recorded Vagmal smears were made daily from vaginal 
washings obtamed with salme solution from a medicme dropper and exammed 
microscopically When mice were autopsied at the end of an expenment they 
were always kdled durmg diestrous 

One expenment consisted of two groups, group A with fourteen mice and 
group B with sixteen nmce For thirty days both groups received normal diet, 
from thirty to sixty days group A contmued on normal diet while group B ivas 
fed 40 per cent Lithosperm Z, from sixty to eighty-eight or more days the diets 
were shifted, group A receivmg 40 per cent Lithosperm Z and group B retummg 
to normal diet At the end of the expenment the mice were autopsied A 
record of the estrous cycles is shown m figure 1 and of the body weights and 
food mtakes m figure 2 

Prolonged penods of diestrous occurred m most nuce wi thin a few days after 
bemg placed on treated diet Twenty-one of the thirty mice showed no natural 
return of estrous during the treatment penod, but after stoppmg drug ad- 
ministration estrous cycles returned qmte promptly, m an average of 6 3 days 

TABLE 1 


The effect of Lithosperm on the weights of organs in adult female mice 



iro 



AVZMAOZ WZZOST (OMJOU) 




MICE ^ 

Onne* 

Uterus + 

TSfiu 

Adreaih 

Thyroid 

Thymus 

PituIUry 

Eldaey* 

Group B, control | 

16 

0 0176 







Group A, treated 1 
No estrone 

m 

0 0162 

MM 

0 0078 


MH 

0 0017 


After estrone 

H 

0 0113 

liiiiil 




0 0016 



•Denotes staUstical difference when calculated as per cent of body weight 


(group B) Seven mice m group A received, near the end of the expenment, a 
smgle intramuscular mjection of 2 I U of estrone* m sesame oil while bemg 
mamtamed on the treated diet This produced estrous m all mice m an average 
of forty-nme hours 

In table 1 are recorded the weights of organs at autopsy Statistical decreases 
were obsen ed m the wnights of the uterus plus vagina and of the thymus of 
treated animals, the uterus plus \ agma of group A receivmg no estrone bemg 
decreased by 29 per cent, the thymus by over 46 per cent The kidneys of mice 
m group A showed some decrease m weight compared with group B This de- 
crease was not significant but suggests the lack of a pro-renal effect of the drug 

Figure 2 mdicatcs that a decrease m body weight m the presence of an m- 
crease in food consumption is characteristic of treated mice The average 
food mtake per mouse per day for control mice (both groups) was 4 5 grams and 
for treated mice (both groups) was 6 4 grams, an mcrease of 42 per cent for 

< A single intramuscular injection of 2 I D of estrone given to eight ovnncctomiied fe- 
male imcc caused estrous fn an average of forty four hours, one I U in an average of fifty 
nine hours 
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treated ajihnftlw One hundred grama of 40 per cent Lithoeperm Z diet con 
tainod only 11 grama of dried drug so the fact that part of the diet was not 
normal fo^ cannot account for nil the increased food intake. 


At boily wrlght* 



Control Control __ Tre*ttd 

Cootral .. Tr#ot*d . Control 


AT food Intt^ in /^cnit/dty 



Dcy* 

Fio 3 Ammon Boot Wzjobtb ijn> Food Iktaxu rom Mice m Fioou 1 

Stopping drug admirdatratlon caused a quick return to normal of estroua 
cycles body weight and food intake, Thw indicates that effoctrvo concentra- 
tions of the drug were rapidly eliminated or deatroyed in the body 
Another experiment m this group mchided fourteen mice seven control nn j 
seven treated (40 per cent lAthospeim Z diet) The eetrous cycles aje recorded 
m hgure 3, the body weights and food and water inta.kee in figure 4, A gnm 
lathospenn caused prolonged periods of diastrous After for^-adx days of 
treatment foflicle atimulatmg honuone (JBH) in the form of pituitary syner 
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was injected subcutaneously twice a day for seven days, the total dose 
bei^ 0 35 mgm This dose was ineffective m inducing estrous However the 
^ner dose of 3 mgm mjected over mne days caused the development of es- 
trous, thus mdicatmg that the ovanes were capable of being stimulated by this 
gonadotropic hormone Lithosperm administration was contmued during 
treatment with FSE 

Mice treated with Lithosperm again showed the characteristic loss of weight 
m the presence of an mcreased food mtake Treated mice lost approxunately 
10 per cent of their body weight dunng the first ten days of treatment, then 
more or less plateaued at this level until about the eightieth day when they 
began to gam and at a hundred days agam equaled the controls m weight 
Daily food intake of treated mice was approximately 40 per cent greater than 


Control CortrOi 






1— BiWlil 


IpUBMPPliH 

z..: ~ . i , — 





1 

CoDtroI 

F S H. r 3 3 — 

0 36 oga. 3 2 ngn =: Dlotstraus 








1 



^ 

L— 


0 25 60 7£ 100 125 

Dv» 


Flo 3 Estbous Ctcles 

that of controls Water mtake of treated mice ivas markedlj mcreased at 
first, being 103 per cent greater than the controls the first twenty days, but 
decreased to only 32 per cent greater than controls durmg the last twenty-five 
dajs Correlatmg water mtake wnth food consumption showed that durmg 
the first part of the experiment 2 15 cc of water were taken by treated mice 
for every gram of food, 1 45 cc of water per gram of food by controls, but by 
the end of the experiment both groups were drmkmg 1 5 cc of water per gram 

‘The pituitary BynergjBt was kindly furnished by Dr D K Kitchen of Parke, Dsvib 
and Co , Detroit, Mich When injected subcutaneously twice a day for three dajs in fe 
Bale Bice, twenty one days old, in a total doso of 0^ mgm this preparation caused an 
increase of 240 per cent in the weights of uterus plus vagina and of 30 per cent in the weights 
of Ovanes, as noted at autopsy occurring seventy two hours after the first injection 
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troity-one days of age litters were reetricted to six young In order to obtain 
a more uniform wdgbt of each 

Twenty five female mice were fed 40 per cent litboeperm Z for ten days and 
then autopdodu Twenty five female litter mates served as controls De- 
creases In the weights of ovaries (37 per cent) uterus plus vagina (61 per cent), 
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thymus gland (62 per cent) and pituitaiy gland (40 per cent) Bere observed m 
treated mice with a decrease in body growth of 25 per cent (figure 5) The dif- 
ferences m the weights of these oigans were statistically significant when cal- 
culated as per cent of body weight In addition tnenty-five untreated stock 
mice weighmg the same as treated mice at time of autopsj nere lolled Their 
average age was twenty-four days, seven days younger than the treated and 
control mice, yet then ovaries, uterus plus vagma and thymus glands ueigbed 
more than those of treated mice A fourth group of mice consisted of ten stock 
females autopsied at twenty-one days of age m order to mdicate the approximate 
weights of organs of treated and control mice at the begmnmg of the experiment 
From the weights obtamed m these four groups of animals growth curves of the 
various organs were drawn (figure 5) These graphs clearly mdicate that the 
factors responsible for growth of ovanes, uterus plus vagma, thymus and pitu- 
itary gland between twenty-one and thirty-one days of age were not fdnction- 
mg normally m treated mice 

A similar experiment was conducted with 40 per cent Lithosperm Z for ten 
days m fifteen male mice twenty -one days of age Decreases m the rate of 
body growth of 34 per cent, m the weight of testes of 26 per cent, of seminal 
vesicles plus prostate of 66 per cent, of thymus of 67 per cent and of pitmtary 
gland of 45 per cent were noted in treated mice compared with their fifteen 
htter mate controls The decrease m wei^t of the semmal vesicles plus prostate 
and the thymus of treated animals w as significant when calculated as per cent 
of body weight Fifteen stock mice weighmg the same ns treated nuce at au- 
topsy whose average age was 24 days and fifteen stock mice twenty-one days of 
age were also autopsied Figure 6 shows that the testes of treated animals 
grew at a rate similar to body growth, but semmal vesicles plus prostate were 
inhibited to a greater extent, as was the thymus, which m fact regressed to a 
marked degree The results also show a complete lack of growth of the pitu- 
itary gland m the treated group However the difference m weight between 
the pituitary glands of treated and control animals was not statistically signifi- 
cant if calculated as per cent of body weight 

Results of experiments not reported here suggest that Lithosperm is more 
active m immature female mice than m immature males for relatively mnctive 
preparations (Lithosperm Y) caused decreases m the weights of sex organa of 
female but not of male mice 

The weights of adrenal and thyroid glands were alwaj's recorded m autopsied 
mice but no changes which were significant as per cent of body weight were 
noted in either imm ature or adult treated mice 

Paht rv INANITION That inanition causes a decrease m the growth of 
sexual organs is well known (2) That monition could be the cause of the ef- 
fects of Lithosperm seemed unlikely masmuch as treated mice consumed more 
food in all expenments than their controls and showed no apparent mercase m 
fecal material However to investigate this possibihty the following expen- 
ment was conducted 

Mice, twenty-one days of age, were divided mto three groups, controls. 
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those on 40 per cent lithoeperm Z diet and restnoted controls, the latter re- 
caving nonnil diet but in amounta only anffident to allow for increases in body 
weight comparable to thooe of treated ftnirnttU. litter mates were used os 
frequently ns possible. After ten days the mice were autopsied Two such 
experiments were performed, one with female and one wHh male mice. Table 


Oraries Ut«ru« + Tt^ioa 
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2 shows that restricted controls gained weight at the same rate as treated mioe 
and that the degree of Inanition m the reetrioted controls was suffident to cause 
a decrease m the growth rate of sax organa However the growth of uterus 
plus vagina and seminal vesicles plus proetate m treated taItw ^ras significantly 
lees than in the reetrioted controls 

In female mice the body weight of roslrieted controls compared with normal 
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controls, was depressed by 18 per cent at tune of autopsy, ovaries by 13 per 
cent and uterus plus vagina by 38 per cent The body weight of treated females 
compared with normal controls, was decreased by 20 per cent, ovanes by 22 
per cent and uterus plus vagina by 69 per cent The decrease m weight of the 
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uterus plus vagina was significantly greater m treated animals than in the 
restncted controls 

In male imce the body weight of restncted controls was decreased by 29 per 
cent compared with normal controls, the testes by 10 per cent and the seminal 
vesicles plus prostate by 60 per cent The body weight of treated mice, com- 
pared with normal controls, was reduced by 30 per cent, the testes by 20 per 
cent and^the semmal vesicles plus prostate by 68 per cent This retardation of 
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growth of the Bcminal vesicles plus proslat© was rignificantly greater in treated 
mice than in restricted controls 

These results indicate, therefore, that inanition, per se, cannot account en 
tiroly for the decrease in growth of sex organs obeyed in mice treated with 
lithospeniL 


TABLE 2 

ComparUon of A* tfteU of LiUiosptnn and 
I Aver&ie body walshtj food and vntor InUlcM io grAiat or eo 



n Orfan velghta at Umo of aatopar (10 days) 
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0 * I OK 

•.T +rw«tAXX 




* DcDotoa lUtUtleal difiereace when eompond with r««tnot«d cootnli 

Past V basal ubtabolio eatz Inasmuch as thyroid activity may affect 
estrous cycles and g row t h, the metaboUo rate of control and treated mice was 
compared The apparatus used was similar to one designed by Talnter (3) 
Food was withdrawn four to six hours before testing and an Intrapentoneal 
injection of 0 01 mgm. pentobarbital per gjam of body weight was given one 
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hour before testing to produce sedation Activities of the animals were more 
constant 'with this latter procedure A senes of twenty readings were taken for 
each anunal, measurmg with a atop watch the number of seconds required to 
consume 2 cc of oxygen The longest of these readmgs was taken to represent 
basal conditions The number of cc of oxygen used per mmute per 100 sq cm 
of body surface was then calculated for standard pressure and temperature 
No difference was observed between treated and control mice, both groups 
consummg an average of 1 13 cc of oxygen at S TJP per mmute per 100 sq 
cm of body surface The range for the seven control mice was 0 75 to 1 50 cc 
of oxygen and for seven treated mice was 0 69 to 1 44 cc of oxygen Thus 
Lithosperm did not seem to alter the basal metabohc rate of mice However 
this test was made on the mice represented m figures 3 and 4 near the end of 
that experiment, at which tune the treated mice had gamed weight and some 
were showing a return of estrous cycles Therefore it is possible that differences 
m metabohc rates might occur m mice under treatment for a shorter period of 
time It has not been possible to repeat this experiment or to do any further 
research "with Lithosperm for there has been no more drug available 
Discussion The prolonged penods of diestrous and the decrease in weight 
of the uterus plus vagma produced by Lithosperm m female mice mdicate an 
inhibition m the formation or secretion of estrogenic hormone or an mterference 
J with Its action on the uterus and vagma Inasmuch as estrous was mitiated by 
injected estrone and the ovanan weights were decreased m treated animals, a 
decrease m the formation of this hormone is probable A deficiency m estrogemc 
hormone may be due m turn to an inhibition m the formation or secretion of 
foUicle stimulatmg or lutemizmg hormone, or to some mterference with their 
actions on the ovanes Injections of FSH (which may have contamed sraall 
amounts of LH) mto imce m prolonged states of diestrous were effective m 
producmg estrous, showmg that the ovanes were capable of respondmg to 
gonadotropic stimulation by secretmg estrogemc hormone Therefore the 
occurrence of a deficiency m the formation or secretion of FSH or LH caused 
by the drug is mdicated In addition, Lithosperm caused reductions m the 
weights of pitmtary glands, suggestmg a decrease in the formation of, rather 
fhnn just secretion of, gonadotropic hormone 

The decrease m wei^t of the semmal vesicles plus prostate caused by Litho- 
sperm m immature male mice demonstrates a decrease m androgenic activity 
No experiments admimstermg androgemc or gonadotropic hormones to male 
were conducted, but the decreased weight of the pituitary gland pomts 
agam to an effect of the drug on this gland The slight decrease m weight of 
testes but much greater decrease m semmal vesicles plus prostate suggests that 
lutemizmg hormone may have been inhibited to a greater extent than folhcle 

stunulatmg hormone , j . 

Although no duect assavs of gonadotropic activity of pituitary glands have 
been made, the above expenments lead to the conclusion that gonadotropic 
activity IS mhibited by the crude drug Lithosperm 
Estrogens and androgens are both known to inhibit gonadotropic activity 
(4) but It IS apparent from the above expenments that Lithosperm does not 
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exert an cetrogenic or androgemo aoiton. Progesterone also inhibitB gonado- 
tropic activity, suppreeamg the release of LH from the pituitary gland (6 6) 
and causing iniublUons m cstroua cycles (7, 8) However other effects of proges- 
terone mdude an increase m the weights of semmal vedolcs m the presence of 
testicular tissue (9 10 11) a decrease In adrenal weights and an hypertrophy 
/ of the uterus (12, 13), none of which were noted in mice treated with Lathoepenn 
Adrenal cortical preparations m the form of desoxycorticosterono acetate may 
cause reduction m the weights of testes (14) but other effects include enlargement 
of the kidneys (15) and a decrease of adrenal weights (16) lithosperm Beemed 
to exert no renotropic action and failed to produce signiffcant changes 
In the wei^ts of adrenal glands The thyroid honnone also is concerned m 
gonadotropic functions, inhibiting the action of PSH on the ovaries (17, 18) 
That lathosperm acts via the thyroid gland is improbable, in view of the resulta 
obtained on metaboho activity, but has not been definitely ruled out Also the 
the direct comparison of the effects of inanition and of lithospenn indicates 
that the action of this drug was not due to inanition per se Therefore the 
conehiskm drawn is that Lithosperm causes a depression of gonadotropic activity 
m some way heretofore unknown Its action is probably a direct one on the 
pituitary ^and for the drug caused a decrease in the weight of this orgam 

The loss of weight In adult mice and the decreased rate of growth m young 
animals m the presence of Increased food intakes point to the possibUity of 
some metabolic change occurring as the result of treatment The antenor 
pituitary gland appears to possess hormones which affect ail classes of foodstuffs 
(19 20) and thei^ore a drug which alters the function of this gland might pro- 
duce changes m metabohscL Also androgens and eatrogena seem capable of 
altering metabolic activities having been shown (21, 22 23) to cause retention of 
nitrogen with mcrease In body weight on a constant food mtake and without 
change m metaboho rate. In addition these hormones produced decreases m the 
urmary excretion of electrolytes and a reduction m urmary volume On this 
basis the opposite effect, a defidency of estrogens or androgens might be ac- 
companied by a loss of wei^t without a decrease in food consumption or in 
crease in metaboho rate as noted m mice treated with lithosperm. Such a 
deficiency might also be expected to cause an increase m the urinary excretion 
of deotrolytes and an Increase m unnafy volume. Of interest in this connec 
tkm IS figure 4, showing that water taken m ad libitum, by treated animals 
was roughly inversely proportional to their body wd^t, Dunng the acute 
loss of weight the water intake was markedly increased when the weights tended 
to plateau so did water oonsumption and when body weight increased near the 
end of the experiment the excessive intake of water decreased Urinary out- 
put was not recorded, nor were any urmary ansiyses made. 

All treated mice, both immature and mature seemed to be m a healthy con 
diticm as judged by subjective signs such as activity and appearance of fur 

SUUUABT 

1 Flmdextract of Lithospermum ruderale decreased the mcidence of birth 
m mice 
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2 Adult female mice with previously regular estrous cycles developed pro- 
longed periods of diestrous when treated with this drug Injections of estrone 
or of gonadotropic hormone were capable of mducmg estrous m treated annuals 

3 In immature male and female mice treatment with Lithosperm caused 
decreases m the weights of the sex organs, thjTnus and pituitary gland and a 
retardation m body growth 

4 The inhibition m the growth of eex organs was not due to mamtion per se 

6 Discussion of the results obtamed leads to the conclusion that Lithosperm 

probably acts directly on the pituitary gland causmg an mhibition m the forma- 
tion of gonadotropic hormone The effects of this drug do not seem to be 
dupheated by other known compounds 
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ON THE CO^fBINATION OF SOME CARDIO-ACTTVE GLYCOSIDES 
WITH SERUM PROTEINS 

ALFRED PARAH 

Drpaximtni aj Phormiuolocy Amtnean Utthtrtity of Bnrulf BtinU LAmon 
Reo«hred forpabUoatlon Deoember 6 1M4 

Lendle et &1 (1) and Faw&i and Famh (2) have demonstrated the combination 
of ri^g^ tnT^n with rabbit eemm albumin The latter authors have shown that it 
is this combination which Is responsible for the protection of the isolated frog 
heart against digitaxm, Beef-^eerum ^anteason and Strindberg (3)) and frog 
eemm (Hoekstra (4)) do not g^ve any appreciable protection against dig^toidm 
In onr laboratory, horee serum has shown protective action but was found to be 
much weaker than* rabbit serum. Lendle etal (1) used tnrtfro methods to deter 
minw the combination of a number of cardio-active ^ycoeidee with serum aibu 
mnw and found that the serum albumins of Tnan, rabbit, horse have wminAr 
powers of cocnUnmg with di^toodn 

Clark (6) and Oppenhdmer (6) r^ort that rabbit seiiim doee not protect 
against strophanthin, but Lendle et ah (1) have found that strophanthin combines 
with serum albumin w vitro Iheee observations of Lendle et ah (1) regardmg 
the power of serum albumins of various epecins to combine with ceTdio>acUvB 
^cosidea are inoompatible with the eariler results menboncd above An ecc 
pbuiatlon for tUa ducrepancy nd^t lie in the variable albumin-^obulin ratios 
of various speaea, since Lendle et ah wera working with isolated serum albumins 
while the other workers were working with total serum. Another possible source 
of discr^iancy is that when measuring serum protoin'glycoside oomhination tn 
rttro one mi^t be dealing with a mechanism which differs from that which is 
tespon^le for the protection of the isolated frog heart against cardioactive 
^[ycosidee 

The object of this paper is to dsjify and hannonlxe, if possible, some of these 
discrepandes First, wo compared the protective action of serum proteins of 
different speaee with the tn vitro comiining power of theee proteins with H{ gi 
toxm Second we determined Uie protective acdon of rabbit serum against a 
number of cardio-active glycosidoB as compared with the power of c<Tgnbining ivith 
thoee respective ^ycoodee. The third expenment dealt with the protective ac- 
tion of rabbit serum against a number of cardiac a^uoones. Smce the quantity 
of aglucones avaffaWe was very limited, wo were unable to cany out determina- 
tions of combining-power tn vitro 

In the latter part of this paper we report briefly on some factors which in 
fluence the aibur^-difdkann combination We also describe a nniober of experi 
ments poxfonned on the intact anestbetiied cat and dog and on the heart4uiig 
preparation (HX JP ) of the dog to see if the combination of digitoxin with serum 
proteins modifies in any way the lethal dose (L J> ) of this ^ycoeide 

Matekialb and MEEHODfl Strum and Serum Protein* were prepared by 
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methods previously described (2) We have prepared sera of man, rabbit, dog, 
horee, cat, frog, rat, and pigeon Somm albumins and globulins were prepared 
from the sera of man, rabbit, dog, horse, and cat These serum proteins were 
purified by three reprecipitations, but no attempt was mode to prepare ciy stal- 
Ime matenal, smce the protective action of crjstalhne rabbit scrum albumin nas 
not significantly different from that of more crude preparations (2) 

The cardio-active gl> cosides employed were 
Crystalhne digitoxm, (Hoffmann La Roche) ‘ 

CrystdUwe digilanid, (Sandoz — a mixture of the three gonume Lanata gly- 
cosides) • 

Crystallme g-strophanthin Thoms, (E Merck, Darmstadt) 

Amorphous k-strophanthin U S P , (Merck & Co Inc , Rahway , N J ) 
Crystallme foliandnn, (Teva) ’ 

The last mentioned glycoside was prepared from Nenum oleander leaf (7), 
and has physical and biological properties which are similar tofthose reported for 
the fohnerm of Flury and Neumann (8) 

The aglucones of k-strophanthin, digitoxm and foliandnn were prepared by 
the methods of Jacobs and Heidelberger (9), Cloetta (10) and Neumann (11) 
respectively The aglucone of fohandrm was a crystalhne matenal ivith the 
same physical properties as the aglucone of fohnerm (11) 

Protection was detemuned by exposmg the Straub isolated heart of Rana 
Umporana to varying known concentrations of cardio-active glycosides m the 
presence or absence of serum proteins At least six hearts were exposed to each 
test solution After 60-70 rmnutes the experiment was termmated and the 
effect recorded as (-f-b-k), (++), (+), (±) and (— )‘ Each experiment was 
performed on a uniform batch of frogs dunng a penod not exceeding ten days 
All specimens of serum proteins used m studying protection were tested alone 
on the isolated frog heart and any toxic specunens discarded 
Combintng power was detemuned by dialyzmg solutions of the glycosides dis- 
solved m serum against an equal volume of Locke’s solution for 48-72 hours * 
The concentrations of glycoside m the dialysates were detemnned by the Balyat 
alkaline picnc acid reaction as used by Lendle and Pusch (12) Control expen- 
ments showed that eqiuhbnum was reached between inside and outside flmds 
TOitViin 48-70 hours Bmce the presence of serum in the inside fluid would loiver 
th6 glycoside concentration in the dialysate to less than the theoretical quantity, 
the difference between theoretical and actual concentration of glycoside m the 

1 Kindly supplied by Hoffmann La Roobe, Basel, Swilierland 

* Kindly supplied by Sandoi, Basel, Switzerland 

• Kindly supplied by Teva, Middle East Pbarmaoeutical and Chemical Works Co Ltd , 
Jetnaalein, Palestine 

< No effect (complete protection) 

(-}-+) Reduction in amplitude up to 30% 

(-b) Reduction in ampbtude from 31-60% 

(±) Redaction in ampbtude from 61-90% or the appearance of irregularities 

{-) Complete systobc standstill 

‘For these experiments wo have used cellophane dialyiing bags suppbed by the \ leB g 
Corporation, Chioago, USA 
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dialysate was assumed to bo duo to combinfttlon with genim protein and was 
recorded as combined^ A senes of expieninenta was performod to see If there was 
any lods of actlMty of the gtycoeado dunng Uie penod of dialj'sis Since it was 
possible that the colonmetnc determination mifdit not comado with biological 
activity wo compared these two methods simultaneoiiflly as an essential control 
exponment Our results with dl^toxin, digilanid fohandnn g and L-etrophan- 
thm show that at tho end of the penod of dialyaia there was equihbrium between 
inside and outsido solution and that there was no deetruction of glycoeide which 
could be detected either by tho biological or colonmetnc methods of assay 

The Balj-at reaction is a useful method for determining concentrations of ccr 
tain cardio-active ^ycondc* It should be remembered, however, that different 
batches of a given substance may give different tjobr mtensiUes We hai'e tested 
two preparations of digitoxin one supplied by Merck, the other by Hoffmann 
La Roche Both digitcran preparations had the same biological activity but had 
divergent color mtenaities However, if one uses a uniform specimen of glycoside 
for a given senes of expenments, tho results with the BaljTvt reaction are coo 
sistent. In carrying out the Balyat reactioo, the glycomde solution is mixed 
with tho alkaline picrate and placed in a constant water bath at 30*C Fifteen 
nunntea later the sdution is transferred to the cup of a Lhibcecq colorimeter and 
immediately matched against 0.344 per cent potassium dichromate solution 
Using this method we have been able to determme accurately glycoside eoncon 
tratians as gmall as 1 200,000 With more dilute solutions the error is rather 
high. Colorimeter readings for known concentrations of glycoside were plotted 
against eoncentmtion and the resulting curve was used for determining unknown 
solutions All solutions which became turbid on the addition of picnc acid wore 
discarded Detenninatians were always made in duplicate and averaged. The 
picric odd used was first carefully purified by the method of Folin (13) 

DtUrmnaium oj the Lethal Date of IhgiUmn for IrUael CaU and Dofft was 
performed on anesthetised ftnlmalH (0.04 gms Nembutal Abbott/kg) A 1 50, 
000 solution of digitoxm Hoffmann La Roche in sahne or 6% rabbit serum pro- 
tean was infused mto the femoral vein The rate of infusion was regulated m 
Buch a wa> that death would occur within 40-00 minutes All "Jiimfllw were 
given artificial respiraticm with a Palmar respiration pump The vanations In 
body weight were between 1.8-3J5 and 4 0-7 0 kg for cats and dogs respectively 

HXJP were prepared on dogs anesthetiied with chlomlose (90 mg /kg ) lutmg 
the method of Starimg Only hearts weighing between 45 5 and 67 gma were 
used A 1 60,000 solution of digitoxm, In saline or 6% serum protein was m 
fused at a slow constant rate into the venous end of the circulation Inflow per 
gram heart per minute varied between 0 056 to 0 084 micrograms of digitoxm. 
The end point was reached between 88-134 minutes Temperature blood 
volume resistance and output were the same for all the expenmenta per- 
formed 

RiBUiiTB I Table 1 gives the results of one of three similar experiments on 
tho protective action of serum and senup proteins of the various spedea of animals 
studied It is apparent that there are detectable species differencre in protection 
both with serum and serum albumin. Rabbit serum and eenim albumin gave the 
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highest protection, dog Berum gave less protection, and horse serum and serum 
albumin were the weakest Simultaneously, combimng power was detemuned 
on the same serum protem specimens usmg 0 5 percent protem and 1 30,000 
digitoxin These results are given m the last column of table 1 Rabbit serum 
shows the highest combinmg power and horse serum protem the lowest, while dog 
serum protem shows an mtennediate degree of combinmg power The globuhn 
fractions of sera of rabbit, dog, and horse showed neither protection nor combma- 
tion with digitoxm and have not been included m table 1 Comparison of the 

TABLE 1 


Companion of the protective ability with the combimny poicer of eerum and serum albumins 
of vanous species vnlh digitoxin Boffmann La Roche 



WUMBtt 

Of 

KUKBU or KZAm 

fHOWIKO XmCT 

TXia a 
uDfont 

BS 



SEAXTt 

UIXO 



n 

B 

B 




Ditotoxui 1 100,000 in 
Locke’s solution 

8 

0 

0 

0 

1 

7 

12 

, 0 


IBgitoxm 1 100,000 in 1 
per cent rabbit serum 
protein 

8 . 

0 

4 

4 i 

0 

0 

33 

8 

2 440 

Digitoxm 1 100,000 m 0 6 
per cent rabbit serum 
albumin 

8 

1 

0 

6 

1 

3 

0 

0 

38 

8 

3 876 

Digitoxm 1 100,000 in 1 
per cent dog serum 
protem 

s 1 

0 

1 

1 

6 

1 

0 

24 

7 

1 034 

Digitoxm 1 100,000 m 0 5 
per cent dog serum 
albumm 

8 

0 

2 

1 

6 

1 

0 

25 

6 

2 070 

Digitoxm 1 100,000 in 1 
per cent horse serum 
protem 

8 

0 

0 

! 

0 

6 

3 

18 

2 

0 685 

Digitoxin 1 100,000 in 0 6 
per cent horse serum 
albumin 

8 

0 

0 

0 

6 

2 

20 

2 

0 066 

Digitoxm 1 100,000 m 1 
per cent frog scrum 
protem 

6 

1 

0 

0 

0 

3 

3 

18 

2 

0 855 


protective action of a given serum protem solution with its combmmg power for 
digitoxm shows a dose positive corrdation between the two In view of the fact 
that the species differences m combmmg power and protecUve ability are i^o 
apparent m the serum albumm fractions, it is not possible to explain Lendle s 
findmgB on the basis of differences m the albumm-globulm ratios 
Table 1 mdudes results obtamed with frog serum This expenmMt in- 
formed at a different season and thus is only quahtativdy comparable with the 
other data. However, on the basis of both the protection tests and the m 
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ntrc procedure we conclude that £rog aenun bHows a definite combination with 
dig^toxnu This finding la contrary to those of Hoekstra (4) but confirms the 
observatiocfl of Brflcke (14) 

Table 2 Bummaiiiea the algmficant findings ^ ft number of experiments carried 
out to determine the dlgitoxm combining power of aemm proteins. These oxpen 
menta, which do not include protection testa were extended to Include certain 
additionnl spedes In respect to ctanbining power both serum and serum albu 
min of mwn and rabbit gave the highest valnes The serum proteins of cat, rat, 
dog and pigeon were intermediate m combining power, while serum and scrum 
albumin of the horse gave the lowest values Frog serum like that of the horse, 
showed little abflity to combine with digltoado , the combining power of frog serum 

TABLE a 

of ttntm and ttnan of dtfftr*nt to combino vitX difiioxin 

Vfeloet are mf of Srsm protein BetermlaAttoai were made with 16 oo 

0J!% protein and 1 30,000 dlptorin in Lc«ke a eolation dielyeed e£«lnst en equal rolome 
of Lo^*! eolation for 6S-70 hoare. Letters with figures ere Initlels of Indinduel homen 
blood donors 


wmM 

CAI 

WM 

stall 

SASsn 

n- 

oum 

lAT 

rtoo 

i€nm 

AIbntib 

S«n» 

AJ^ 

ate 

ttrwa. 

AOm- 

oa 

&CT!S 


SlTIB 

Albs' 

ml* 

Sma 

ScTsm 

Straa 

3 816 (F) 

3 600 (A) 

3 342 (B) 

3 666 (A) 

3 300 (7) 


1 906 
3 000 
1 660 
1 465 

3 866 
3 895 
2 736 

1 436 
1 034 
1 186 
1 633 
1 223 

1 oso 

2 070 
1 800 
2 176 
2 660 
2 838 

jTVc! 

0 766 
0 966 
0 «0C^ 
0 806 

2 440 

3 036 
2 010 
2 106 

2 406 

3 096 
2 200 
2 706 
2 493 
1 800 

3 876 
3 466 
3 830 
3 426 
3 68b 
3 420 

1 309 
1 472 

1 133 
1 660 
1 79b 


Arersce 3 9£ 

3 179 

1 755 

3 849 

L 34S 

2 308 

0 743 

0 784 

3 434 

3 611 

1 421 

1 624 

0 941 


albmmn was not determined. It U particularly Intereating that in the case of 
human serum and eenim albonun, appreciable difierencee in dlgitoidn-comhining 
power were shown by eera from different Individuals, These differences wore 
constant for speamens of serum and eerum albumin prepared at different timee 
(table 2) 

The vnluee of the combimng power discuseed above were determined witii 
ecdutions of 0,5 per cent protem and 1 30 000 dlgltozin. We have demonstrated 
that the differencee described above are also apparent when the protein oonoen 
traUon ts varied (fig 1) On the other hand when the protein concentration was 
kept constant and the amount of dlgitoxm varied the results wore different. At 
low digitoxin concentrations the species differencee m combining power of serum 
albumin were clearly seen, but at eonoentrations above 1 10,000 these differences 
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were much less apparent The combining power of rabbit and horse serum albu- 
mm were about equal when a 1 7,600 digitoxm concentration was used (fig 2) 
Goigner and Pauly (16), while studying the combmation of silver and protein, 
noted that if combming power was calculated on the basis of per gram protem^ 
there was a progressive reducUon of combinmg power as the concentration of 

D □ Human Serum Albumin 

o 0 Rabbjt Serum Albumin 

^ 6 ^ Dog Serum Albumin 

w ^ ^ Horse Serum Alburmn 


Si 



percent Pro+em 

Fio 1 The Coubiniko Abiutt op Sebum Albumins of Different Species with 
Dioitoxin Hofemann La Roche 

Dintoon concentration kept content at 1 30,000 Albumin concentration varied 
as inmcated 

protem was mcreased A similar phenomenon appears when our data m fig 1 
IS ejqiressed m a similar manner 

II The results of the experiment which was designed for the comparison of 
the combinmg power and protective action of rabbit serum ivith a number 
of cardio-active glycosides, are presented m table 3 The glycosides employed 
were fohandnn, digitoxm, digilamd and g- and k-strophanthm For purposes of 
companson of protective action it was essential to use concentrations of these 
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giycosKiea which wotild give oqurv alcnt effccta on the isolated frog heart Tha 
concentrations (which wore found to give equivalent effects on the frog 
heart) were os follows foliandnn 1 SOO/XK) digitoxm 1 100 000 digilanid 1 
100,000, k-strophanthin 1 400 000 and g-atrophanthm 1 160,000 It can be 
seen from table 8 that tho neutrolizlag effect of rabbit scrum was most marked 

O— -O Rabbit Serum Albumin 
X ■ "K Horae Serum Ai bomm O 5p®r cent 



Di^itoxin Concentration 

Pio 2 Thb CoMBnmro Abiutt or Bebou Auuicks or BurnDTr Species with 
DiaiTOXor Homujnr Li. Roeax 

Protein concentration kept constant at OJ per cant protein. DifltOTin conoentration 
Taried as indicated 

with fehandnn, less with dlgitoim and least with digilamd g and k-etrophan 
thin in the concentrations employed were not inactivated by rabbit serum or 
serum atbumm. Reference to the last column of table 3 which contains the 
data on the combining power of these giycoeddes with the same specimen of rabbit 
serum which was used for the protection tests, shows that the relative degree of 
combining power of these glycosides is parallel to the degree of protectian. 
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were much less apparent The combmmg power of rabbit and horee serum albu- 
^ were a^t equal when a 1 7^ digitoxm concentration was used (fig 2) 
Goiter and Pauly (15), while studying the combmation of silver and protein 
noted that if combining power was calculated on the basis of per gram protein,’ 
there was a progressive reduction of combining power as the concentration of 

Human Serum Albumin 
0 o Rabbit Serum Albumin 

^ 4— A Dog Serum Albumin 

^ X— K Horse Serum Albumin 

jO 



O.Z 0.4 06 0,8 1.0 1.2 


Percent Profe'm 

Pio 1 The CouBiNiNO Abiuit of Sebum AiBoiiftB of Diffebbnt Species wiTn 
Diarroxw Hoffuanj, La Roche 

Dintoxm concentration kept contant at 1 30,000 Albumin concentration vaned 
as inmcated 

protein was mcreased A similar phenomenon appears when our data in fig 1 
IB eicpressed in a similar manner 

II The results of the experiment which was designed for the comparison of 
the combining power and protective action of rabbit serum with a number 
of cardio-active glycosides, are presented m table 3 The glycosides employed 
were fohandnn, digitoxm, digilamd and g- and k-strophanthm For puiposes of 
comparison of protective action it was essential to use concentrations of these 
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TABLE 3 — CoiUinved 
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BXAXn 
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+++ 

B 

B 

B 
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«0 ant. 

BDC na OUM 

rwma 

Dicllsnld 1 G0,000in 1 
per cent nbbit nnun 
prtitelii 

0 

0 

0 

0 

2 

4 

24 

0 


Bitllanid 1 100,000 in 1 
per cent rabbit serum 
protein 

0 

0 

0 

0 

i 

2 

39 

0 


DlcQanld 1 160,000 In 1 
per cent rabbit eerom 
protein 

8 

0 

0 

2 

t 

8 

39 

1 

1 isi 

BigUanld 1 223,000 In 1 
per cent rabbit aerom 
protein 

0 

0 

a 

8 

0 

0 

» 

a 


E-etrophanlMn 1 200/XK} 
in Looke s solntion 

6 

0 

0 

0 

0 

0 

11 

0 


E**tropbantliln 1 400/)00 
In Locke's aolnlion 

0 

0 

0 

0 

0 

6 

34 

0 


K-rtropbantbin 1 200/30P 
in 1 per cent rabbit 
seram protein 

6 

0 

0 

0 

0 

6 

12 

0 


K.«tropbantbln 1 400,000 
in 1 per cent rabbit 
serum protein 

6 

0 

0 

0 


5 

23 

0 


g-ttrophanthin 1 150,000 
in Loeke s aolotioa 

0 

0 

0 

0 

4 

2 

S3 

0 


g<«tropbanthin 1 300,000 
in Locke s solotion 

6 

0 

1 

0 

6 

0 

44 

0 


g-stropbantldn 1 160,000 
in 1 per eeut rabbit 
serum protein 

0 

0 

0 

0 

e 

0 

33 

0 

None 

g-etropbaotbin 1 900,000 
in 1 per cent rabbit 
serum protein 

6 

0 

0 

1 

5 

0 

48 

0 


E-stropbantbin 1 40Q/XK) 
in I p>er eent rabbit 

%wnrm albumin 

8 

0 

0 

0 

1 

7 

30 

0 

None 

g-strophanthin 1 300,000 
in 1 per cent rabbit 
serum albumin 

8 

0 

0 

2 

6 

1 

44 

0 

None 


e and k-ttrc 5 )hantlun, which were aot neutralljed by r*bbH aemm alao fafled 
to combino ■with the Bcrum protein of rither rabbit, dog or bora© in any of the 
eoveral concentrations need at hydrogen ion concentrations varying between pH 
4^ to 8 6 As with digitoxm, fdiandnn and digilaiild combined only with the 
albumin fraction and not with the ^obulin of rabbit senna. 

As previously reported for digitcoon the dsnaturation by boiling or by alcohol 
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of serum protem -which has combined with fohandrm and digilamd results m a 
hberataon of these glycosides 

in The aglucones, fohandngemn, digito-agemn and strophanthidin, -wore 
tested by means of the protection techmc only, since the limited quantities avail- 
able did not permit the performance of m mtro combmation expenments How 
ever, it is apparent from table 4 that foliandngenm -was inactivated bv rabbit 
serum more than digitoxigemn, while strophanthidm wds not mactivated at all 
From our limited data it can be inferred that combmation of the aglucones runs 
parallel to the combmation of the respective glycosides Furthermore, wo con- 

TABLE 4 


The ability of rabbit eerum to protect apaimt a number of cardiac aglucones 
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inntBEn or irtAJcrs 
SHOWWO zmcT 
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lUXUCAt 
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TE«1TP 
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m 

■ 

ZTTtCT IK 
UlKUTZt 

wramf JO unroTti 

Pohandngenm 1 60,000 m 
Locke's solution 

6 

0 

0 

0 

2 

4 

14 

0 

Fohandngemn 1 100,000 m 
Locke’s solution 

6 

0 

1 

2 

2 

1 

13 

1 

Fohandngemn 1 60,000 in 1 
per cent rabbit serum pro 
tein 

6 

2 

4 

0 

0 

0 

21 

3 

Fohandngemn 1 100,000 in 1 
per cent rabbit serum pro 
tein 

6 

6 

0 

0 

0 

0 


6 

Digitoxigemn 1 60,000 in 
Locke’s solution 

6 

0 

0 

0 

3 

3 

13 

0 

Digitoxigemn 1 100,000 in 
Locke’s solution 

6 

0 

0 

1 

2 

3 

17 

0 

Digitoxigemn 1 60,000 in 1 per 
cent rabbit serum protem 

e 

0 

0 

3 

3 

0 

19 

1 

Digitoxigemn 1 100,000 in 1 per 
cent rabbit serum protein 

6 

1 

6 

0 

0 

0 

22 

3 

Strophanthidin I 100,000 in 
Locke’s solution 

6 

0 

0 

0 

2 

4 

IS 

0 

Strophanthidin 1 100,000 in 1 
per cent rabbit serum pro 
tein 

6 

0 

0 

0 

1 

5 

17 

0 


dude that the sugar radicals of fohandrm and digitovin do not pla} a predomi 
nant r61e in the combmation of these glj cosides with rabbit serum protein 
IV Certam factors affectmg the combmation of digitovm with serum albumin 
have been studied in an attempt to get some insight mto the mode of combmation 
Figures 1 and 2 show that the concentration of both protem and digito-un are 
important m determinmg the degree of combination Maximum combination 
could not be reached because digitoxm precipitated when the concentration m 
the dialjeate exceeded 1 25,000 The maximum degree of combination obtained 
was 12 66 mg per gram of protem This was detenmned for a rabbit serum 
albumm specimen at 0 5 per cent protem and 1 5,000 digitoxm concentration 
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Tho combination of digitoxin with rabbit soruin protein was not modified by 
the following procedures changes of hydrogen ion ccmcentrotion between pH 
4^2 end 9D the doubling of the concentration of calcium and potassium ions in- 
the Locke solution the reduction of surface t430Sian by the addition of saponm or 
bile salts In concentrations of 1 10 000 and dialysis of the serum for forty-eight 
hours prior to determining combudng power The denaturatloo of rabbit serum 
protem by heat or by 2 1 ethyl alcohol prior to its use abohahes completely its 
ability to combine with digitoodn. 

V The following expenments were performed to determine whether tho 
combination of digitoxm with rabbit serum protein would modify the lethal dose 
of this giycoedde for the intact anesthetiied cat and dog From table 6 it can be 
seen that In neither of these was there any appreciable modifioatio n of the 

LJ) of digitoxin when Infused as a solution in 6 per cent rabbit serum protem 

TABLE 6 

dou far caU atui dofft <4 dtgtUmn Boffnann La RofSa d{i$olvtd 
tA talitu or tn S% rat>^ Hnin prolWn 

1 60,000 di^toxin solatlon wu Inftusd Into tho left femoral Tun and blood prenure 
recorded from the right carotid artery Aa aoeatheala 0.04 gm Kefflbntal Abbott was 
given intrsperitoneahy All animali received artificial respiration with a Palmer resplra 
tion pomp 
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ac. pw k^Tb^ vu^t 

im «( b s% 

nMimrwapnuit es 

ptf k(. b»ir 

LJ> «f AriWtik W uUm 
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0 423 

0 543 

0 716 

0 688 

0 402 

0 610 

0 733 

0 m 

0 433 

0 4SS 

0 6C0 

0 SS5 

0 541 

0 553 

0 7T6 

0 760 

0 506 

0 4U 

0 SIS 

0 820 

0 603 

0 SOO 

0 864 

0 490 

Average 0 477 

0 486 

0 743 

0 070 


Since rabbit serum failed to protect m the mtaot animal it occurred to us that 
this failure might be due to the abihty of some organ to split the digitoxm protein 
complex infused Therefore, experiments wero carried out on tho HJLT* of the 
dog as a procedure more stncUy aualc^ous to the protection tests earned out cm 
the isolated heart of the fre^ The HX J was infused, at a slow constant rate 
with a 1 50,000 solution of digrtoxin dissolved other m saline or 6 per cent rabbit 
scrum protein Early expenments showed that the ftme required for mdudug 
cardiac arrest was an important factor in determining the LX) and must be 
established as a constant Tho LX) of 8 05 micrugnuns digitoxin per gram heart 
which was determined by us was obtained when the experimental period was 
89-185 minutes ThisisnotthetnmMnolWAaidoM (MXX) )8incethe extension 
of the experimental period up to 220-240 minutes by means of a slow infusion rats 
of diptman would give a LX) of only 6 micrograms of digitoxin per gram of 
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heart Table 6 presents our experimental data, and it can be seen that the pres 
ence of serum had no influence on the L D of digitoxm for the dog H L P under 
the experimental conditions described above 
Smce we were not detenmmng the Mi D of digitoxm for the dog H LJP , 
it was possible that the reaclum time might have been mfluenced by the presence 

TABLE 6 

Tht lethal dote, for the dog heart lung ■preparation of digitoxin Boffmann La Roche diesolved 
in inline or 5% rabbit eerum protein 
BJjJP Anestheaa ether, chloraloae 90 mg /kg 
Blood Volume 800-850 co 

Blood Temperature 39 0-39 Z°C 
Resistance 70 mm Hg 

Only hearts showing no irregulantiea and no decompensation are included Slow con- 
tinuous infusion of digitoxm in saline or 6% rabbit serum protein was made into the venous 
end of the circulation 


Tiuz Df umuTzi ncnc 
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9 25 
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112 
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9 04 

Average 106 3 

8 98 

111 7 
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TABLE 7 

The reaction time of digitoxin Boffmann La Roche in the BJLB of the dog with and without 

rabbit eerum protein 

Blood Volume 800-850 cc 
Temperature 39- 39 2°C 

Resistance 70 mm Hg 

Digitoxm in 70 oo saline or 6 per cent rabbit serum protein was added all at once into 
the venous reservoir Figures are time in minutes from the addition of digitoxm until 


standstill of the heart occurred 


diuitohn 1 500,000 IK ' 

fAUNE 1 

PIOnoxiK 1 500,000 DC 5% 
VAniT CEXtm nOTEIK 

DxomncDv 1 

CAUKE 

DionoxiH 1 1 J »CL. W 5% 
jtAEsn' satTK rjryjJUN 

min 

min 

aim 

«/■ 

24 

26 

64 

68 

28 

21 

29 

72 

6: 

1 

i 

Average 24 3 

27 6 

68 0 

64 5 


bf the rabbit serum We have studied the influence of rabbit serum on the reac- 
tion time of digitoxm with two different digitoxm concentrations, namely 1 600,000 
and 1 1,500,000 To obtam these concentrations m the circulatmg blood the 
total dose of digitoxm dissolved m 70 c.c of sahne or five per cent rabbit Mruin 
piotem was instantaneously added mto the venous reservoir of the H LT and 
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the lapse of time required to produce cardiac arrest noted From table 7 it can. 
be eeen that the reaction time is not infiuenced by the presence of rabbit eenmi 
protem m concentrations of 0^ per cent This is in contrast to the fact that a 
■imilwr concentration of serum protom has a definite effect on the isolated frog 
heart Q) and on the guinea pig heart perfused with Ringer solution (16) 

Docushion From our results It Is dear that at low digitoxin concentrations 
there are definite differences m the combining powers of serum proteina from 
various spedea The combining powers detennlned at 0 J5 per cent protein and 
1 30,000 digitoxm concentration can bo correlated with the protective properties 
of any given serum albumin specimen On the other hand, when high digitoxin 
ccncantrations are employed to determine combining power, the spedcB dif 
ferencee are much less apparent and there Is no longer any correlation between 
combining power and protective action The inabflity of Lendlo et ah to demon 
strate speaes differences in the cnmblmng powers of serum albumins may possibly 
be due to thdr use of hi^ glycoside concentrations for determining combining 
powers. Since the cngmal papers of Lendle et ah are not available to os, are 
m no position to make any critical analysis of their work or to offer an> further 
explanations. 

Bennhold (17) has offered the mteresting hypotheau that serum protein combi 
nations play an important r61o in the drculatory transport of various substances. 
We have toted this hypothesis by attempting to correlate our data on the com 
blnijig power of serum proteins of different spedes with cardiac ^ycoeldo and 
afduccmes at low glyeodde concentration with certain known pharmacological re- 
actions namdy, lethal dose cumulation waahsbibty (reversibility in the isolated 
frog heart) reearbabHity from the gastro-intestinal tract, and water sdubihty of 
the cardlo-ective glycosides We were unable to establish any significant cor- 
relation of these phenomena and Bennhold’s hypothesis does not apply to the 
phencanena under diacusdesL 

The question arises whether the combination of serum protems with cardio- 
active coeides is a so-called adsorption reaction or a Btdchlometncal comblna 
tiom We have appUed the Freundhch fonnuia to some of our data. When 
ploUmg X/M against log C i^ere X b the amount of adsorbed glycoside M 
the amount of protem, and C the concentration of unadsorbed glycoside we 
should get a strei^t line if the cambmation b of the adsorptive type. Bmce- 
the resulting lines obtained by us were curves one must condude that the com- 
bination of digitocdn to serum albumin b not purely an adsorption reaction 
On calculatmg the quantities of digitoxin wdilch combine with serum albumin, 
it b likewise not a pure stdchiometrical combination One b impressed by the 
similanty of the types of carves obtained in the course of our expenments to 
those obtained m quantitative studies of antigen antibody camtnnation (18) 
These data probablj indicate the complexity of the factors involved rather t>ian 
the mechanism of combination 

It b clear that the sugar molecule in the cardio-active ^ycosides is not essential 
for their ccmnbinatioD with serum protems, since both the a^ucones of fohandnn 
and digitoxin combme readily with rabbit scrum proteina What portion of the 
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aglucone is responsible for combination cannot be decided on the basis of our 
data. 

The experiments on intact cats and dogs and on the S Ij T of the dog show 
that under the conditions of these expenmcnts the combination of digitoxin with 
rabbit serum protein does not influence the L D or the reaction time of this 
glycoside Hoekstra (4) and Genuit and Eschbach (16) have shown that isolated 
rabbit and gumea pig hearts perfused with lyrode’s solution can be protected 
agamst digitoxm bj a foreign serum, but not by the species specific scrum 
Whether the same holds true for the isolated dog heart perfused with Tyrode’s 
solution is not clear, smee m our expenence rabbit albumm concentrations of 0 1 
per cent have been so toxic to the heart that these expenments had to bo dis- 
contmued That the H L E of the dog is not protected against digitoxm by the 
presence of a foreign serum is an mterestmg phenomenon which is poorly under- 
stood Whether the temperature of the perfusion flmd or the presence of species 
specific serum modify this protection are some of the factors still to be studied 

Based on his findmgs that the isolated frog heart is not protected agamst digi- 
toxm by frog serum, Hoekstra has fonnuiated the hypothesis that the digitoxm- 
serum protem complex penetrates the cardiac cell wall if digitoxm is combmed 
to species specific serum, but does not do so m combination with a foreign serum 
BriicLe’s (14) and our own expenments regardmg the protective action of frog 
serum mvahdate some of the considerations and conclusions of Hoekstra The 
demonstration that frog serum protects only shghtly is best explamed on the basis 
that Its combmmg power at low digitoxm concentrations is veiy low 

sumiABT 

The combination of digitoxm with sera and serum albumins of different species 
has been studied At low digitoxm concentrations we find defimte differences m 
the combmmg powers of serum proteins from vanous species Usmg digitoxm 
concentrations above 1 10,000 these species differences become much less ap- 
parent There is a positive correlation of combmmg power with the relative 
abihtj of vanous serum proteins to protect agamst the cardiotoxic effects of digi- 
toxm only when digitoxm concentrations below 1 20,000 are erajiloyed 

A number of cardio-active glycosides and aglucones have been exanuned for 
ability to combme with rabbit serum Foliandrm, digitoxm and digilamd com 
bme with serum protems, while both g- and k-strophanthm do not Whereas 
the aglucones of fohandnn and digitoxm combme with serum protems, stro- 
phanthidm does not A number of factors influencmg digitoxm-albumm combi- 
nation have been studied, and no conclusion could be reached regardmgits nature. 

Under our expenmental condition, the digitoxm-rabbit serum protein combma- 
tioE does not mfluence either the L D or the reaction tune of digitoxm m the 
mtact anesthetized cat and dog, and the H LB of the dog 

I wish to express my thanks to Dr E W Dennis, Chairman of the Department 
of Bactenolog> and Parasitologj of the Amencan Umversitj of Beirut, for his 
assistance m the preparation of the manusenpt 
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Recognition of iron as a necessity for hemoglobin sjTithesis has given nse to 
volununous hterature ■nhich has proved most valuable in the field of clmical 
medicme Although most extensive studies are based on clinical or laboratorv 
mduced anemia, Moore et al (1-3), McCance and Widdovrson (4-7), Lcvcrton 
(8), and Johnstone (9), m recent pubhcations report findmgs on normal individ- 
uals, human and a nim al A review of this hterature on normal mdmduals 
indicates that most of the work mvolved multiple doses and observation of the 
final endpomt The studies reported herem were undertaken for the purpose 
of e\ aluatmg the relationship of dosage to the rapidity and degree of absorption 
in normal animal s followmg a smgle dcKe of an iron compound, using the serum 
iron lei d as the basis for comparison 

Male and female rats weighmg over 200 grams were used These rats were 
of Wistar descent obtained from Sunnj'hill Rat Farm The iron compounds 
employed were Iron and Ammomum Citrate Merck tJSP Brown Powder 
containing Fe equivalent to not less than 16^ and not more than 18 5 per cent, 
and Ferrous Sulfate Merck UBJ* (F^O< 7H»0) contammg approximatelj 
20 6 per cent Fe This choice of iron compounds was made m order to studj 
the feme and ferrous forms In Iron and Ammomum Citrate, however, the 
feme iron is bound m an orgamc molecule of such nature that it does not react 
to the test for feme salts UBT* XII Each of these compounds was admin- 
istered orally 

Method op Pboceduke The animals received bj stomach tube doses of 0 1, 025, OJ 
and 1 0 gram of either iron salt dissolved in 5 cc of distilled water At designated time 
intervals the rats were ancsthetued by inlrapentoneal admimstration of 3 per cent sodium 
pentobarbital solution and bled from the carotid artery , care being taken not to cause 
destruction of red cells The time mtervals were vaned from i to 24 boon The blood 
samples were centnfnged and the sera carefuUi separated This sera was transparent, 
practically colorless, and slightly opalescent 

The method used for determimng the serum iron levels was comparable to Kennedy's 
procedure (10) 

1 Reagents used (a) CP Reagent Acid Sulfunc, (b) Reagent Acid Perchloric, CO 
percent, (c) Reagent Acid Nitnc Fuming, (d) Reagent Iso amyl Alcohol, and (c) Reagent 
Potassium Thiocyanate All reagents were Merck Blue Label 

2 Digestion Either 1 or 2 cc of serum were pipetted into a 100 cc Kjeldohl flask To 
this was added 2-5 or See respectively of reagent sulfunc acid This mixture was digested 
in a hood over a moderate Bunsen flame until there was disintegration and complete eolu 
tionof all sobd particles IVhcn cool lor2cc of pcrchlonc acid were added and the mix 
ture heated until all chlonne was dnven off The remaimng colorles s liqmd was 

‘ Acknowledgment is made of a grant from the Propnetary Association in support of this 
study 
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then cooled After addins 3 dropa of famine nltrie amd tlia contenU of tiie KjeldaU flaak 
were tranaferred to a 60 ec volametric flaak and made to Tolome wltk dlatiUed water at 
room temperatom. Tenoo ofthlamlxturewereplpattedlntoaoylindriealglaaa-atoppered 
25 CO. gVadoate Then 10 eo of iaoamyl alcohol and 6 ce of aSO percent aointlonof potaa> 
dam thioejanate were added After ihaking Tigoronil^ the eolation waa allowed to aland 
for a few aeeonda ontil eomplete eeparation of lajen ocotured 

. 3. Colorlmetno eompartaon After aetUoc the lero with iao-amjl alcohol 5 oe of the 
colored lao-amyl aloohoHe layer were poared or pipetted into a Klett tube and read by the 
Elett-Sammeraon Photoeleotne Colorimeter udns the gre en filter Reagent blanka 

were ran oanoarrantly and readinga adjaated 

4 Iron Standard Nation One hondred mllUgrama of Reagent Iron Wire (Merck Blaa 
Label) were waahed with ether to remove all dirt and grean weighed exactly and placed In a 
Gter flaak to which 20 ee. of 10 per cent xulfano add were added Thii waa ahaken fre- 
qaently and allowed to atand ontU the iron wire waa in aolution which took foor daya. 
Then 0 ee of concentrated nitric add were added and tba eolation made to Tolame with 
distilled water Thia dilation of 0 1 mg per ee required dHatlon to 0.006 mg. per ce so 
that readings on 2 co. would fall within the range of those on 2 ec of serum 

6 Calotilation Colorlmeterreadingswereconvertedtomierogramspereentof aeromiron 
according to the fdlowing formula 

— X R - mlcrograma per eent 

600 « mlcrograma of Fe per 100 ce of standard 
8 reading of standard (mean) 

R "> reading of eerum unknown. 

Whasevar possible 2 oe of serum were used but occasional determlnatlona were baaed upon 
Ice In which, case the reading was molUpIled by 2 

EbcFisiifENTAL DEEbON Coutrols coiudsted of ftnmmls saenflood without 
any dosage or nnitnalH administered 6 co distnied water before bleeding for 
sera. The first compovind studied waa Iron and Ammonium (!!5trat«- For the 
most intensive study male rata were treated with thia compound using OJ, 0.25, 
0.5 and 1 0 gram per rat, varying Ume mtervals from ^ to 24 hours A smaller 
number of females were treated m the same manner To approximate common 
usage of iron preparations the animals were aOowed food and water at all times 
Upon tabulation of data and plotting of graphs it was apparent that maximum 
absorption of these doses had been obtained The 1 0 gram dose proved ioxio 
whfle the 0 1 gram dose gave readings of little or no significance These two 
doses therefore, established the limits of dosage All data were collected and 
tabulated using the Fisher Table (11) of t to evaluate the significance of 
resulta For purposes of this mvestlgatlon a T value of OHS or leas is con 
sidered significant 

With this picture completed Ferrous Sulfate waa studied using a represen 
tativo number of ajiimnls Time intervals were vaned from i to 24 hours with 
stress placed upon those intervals of most significance as shown by the previons 
work on Iron and Ammomum Citrate These data were also tabulated and 
etatistically evaluated 

A ioTiftll number of nriimiilw were fatigued m a mechanically driven tin cylinder 
which did not allow eatmg or resting penods After six hours 0J5 grams of 
Iron and Ammonium Citrate was administered and the animals sacrificed ) 
hour later The same procedure waa followed on a few ammnls fasted for six 
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hours, but not fatigued Controls were fasted for the same penod or fatigued 
while fnstuig Likewise, a small number of animals were fasted from 10-18 
hours, then given the range of doses previously used, again selectmg the most 
signihcant time intervals A control for this phase of the problem xxas fasted 
for the same length of tune 

In a separate senes of exponmenta, each dose of Iron and Ammonium Citrate 
was administered hourly until death occurred or until a total of slx doses had 
been received 

It IS important to note that these studies on the absorption of a smglc dose of 
iron present four vanable factors — the iron compound used, the dosage, the sax 
and the tune intenml The results obtamed are summanred m tables 1 and 2 

Discussion op results Observation of table 1, Group A, shows that the 
dose of 0 1 gram of Iron and Ammomum Citrate, although shghtly slow m its 
action to mcrease the serum iron level, gives sigmficant results withm the 4 to 
6 hour mterval with a percentage increase comparable to that of the next larger 
dose, 0 25 gram However, the 0 25 gram dose of table 1 (B) has a longer penod 
of significant values, rangmg from the J to the 4 hour interx'al with the maximum 
absorption at three hours In contrast to table 1 (A) and 1 (B) the larger doses 
of table 1 (C) and 1 (D) show sigmficant results as early as i hour and ns late 
as the end of the sixth hour The peak m both these groups is three hours, 
the same as m table 1 (B) In table 1 (C) the readmg for the 45 minute mterval 
surpasses all other readmgs, but when compared statistically with the three hour 
peak it IS not significantly different Both table 1 (C) and 1 (D) shoxv an identi- 
cal percentage mcrease over controls The 1 0 gram dose proved very toxic 
throughout and diarrhea was marked -within the first hour A few mdividuals 
of the longer time mtervals died from this toxic dose This condition did not 
exist foUowmg the use of the smaller dc»es Table 1, Groups A, B, C and D 
show no sigmficant values after the six hour mterval 

The response to Iron and Ammomum Citrate by females presents a somewhat 
different picture Smce table 1 (E) shovro no sigmficant mcrease m serum iron, 

0 1 gram dehneates the lower level of effective dosage The 0 25 gram dose m 
■table 1 (F) is sigmficant only at the 2 hour mterval Table 1 Groups G and H 
show the effectiveness of 0 6 and 1 0 gram doses m female rats Both these 
doses show a range of significant results more comparable to the males The 
0 6 gram dose has sigmficant readmgs extendmg from the i hour mterval through 
nme houis, except for the slx hour readmg The maximum absorption vas 
obtamed m four hours The 1 0 gram dose shea's sigmficant results for absorp 
bon withm the first } hour but lastmg only through the third hour This is m 
general agreement -with Moore et al (1) who found large doses of Iron and 
Ammomum Citrate gax'e an apparent nse m serum iron levels inthm the first 
half hour but that the maxim um absorption ranged from two and one half to 
five hours, and with Barer and Fowler (12) who reported more rapid but not 
more pronounced effects with larger doses of Iron and Ammomum Citrate 
Female rats recavmg the 1 0 gram dose showed distress and more marked 
diarrhea than male rats This perhaps accounted for the short duration of 
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fw tm! 


Pwumt 

Onrap J 

Ferrous 8ulfate 

0 25 

msle 

3 

1 

732+ 

6M-1023^ 

<0 01* 



0 25 

male 

3 

2 

081 

542-716 

<0 01 



0 25 

male 

3 

3 

707 

558-801 

<0 01 

124 0 


0 25 

male 

4 

4 

835 

483-834 

<0 01 



0 25 

male 

> 


005 


<0 01 


Group K 

Ferrous Sulfste 

0 6 

male 

2 

1 

1018+ 

481-1554 

0 or 



0 5 

male 

1 


065 


<0 01 



0 5 

male 

3 

1 

830 

605-lDOiS 

<0 01* 



0 6 

male 

8 

2 

OSS 

181-118(^ 

0 03* 

162 0 


0 5 

male 

3 

8 

762 

334-1061 

<0 01* 



0 5 

male 

2 

4 

633 

395-872 

0 05*^ 



0 6 

male 

1 

6 

348 


0 2 


Group L 

1 0 

male 

2 

1 

2068 

977-1153 

<0 01 


Femxts Sulfate 

1 0 

male 

8 

2 

845 

553-1200 

<0 01* 



1 0 

male 

2 

3 

611 

443-779 

0 05 

179 8 


1 0 

male 

1 

4 

lW3-i^ 


<0 01 



1 0 

male 

1 

e 

102 


<0 01 


Group M 

0 1 

female 

1 

1 

m+ 


<0 01 


Ferrous Sulfate 

0 1 

female 

1 

2 

826 


<0 01 

121 0 


0 1 

female 

1 

8 

802 


<0 01 



+ Mudmum or pe^k aboorptlon. 

SlfnifioAnt loemcM In aftrum Iron lerol 
t This T&lae ia bawd on the mean of the dgnlfioant Inoreaeea only 


significant results oa compared to table 1 (D) on malpa Death ooourred in a 
wmflJl number of animals after the first hour and autopsy showed extreme imta^ 
tion of the intestinal tract For equal doses the percentage increase was less 
in females than in moles 

In contrast to the results disoused on Iron and Ammonium Citrate^ results 
from each of the doees of Ferrous 8ulfate are highly significant. In general the 
maTiTnirm levels are reached earlier with the sulfate than with the citrate. The 
percentage moreases are conaidenibly hi^er m all groups treated with Ferrous 
Sulfate than in thoee treated with Iron and Ammonium Citrate These results 
are summaiiied m Table 1 Groups I, J L and M The apparent advantage 
of increased rapidity and degree of action is overshadowed by the fact that 
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toviaty was observed m all groups except those administered the smallest dose 
For purposes of comparison it should be noted that the degree of absorption 
after 0 25 gm of Ferrous Sulfate is approximate!}" equal to the absorption after 
0 5 gm of Iron and Ammomum Citrate Throughout these studies the feme 
compound has been less imtatmg than the ferrous compound Since, how e\ cr, 
the feme citrate is not highlj lomzcd, this observation is not a generalization 
w'hich would include the morgamc feme salts From the small number of 
experiments summanzed in table 1, Group M, it would appear that the sulfate 
effectiveness is greater m females than m males 

The results obtained from fasted and fatigued animals are summarized in 
table 2, Groups A, B, C and D The serum iron level for each control was 
comparable and the readmgs were therefore combmed Treated mdmduals of 
Groups A and B show comparable results for fastmg without fatigue and fasting 
while bemg fatigued In view of these results a representative number of animals 
were fasted without fatigumg for 16 to 18 hours, then adnunistered doses of 
0 25, 0 5 and 1 0 gram of Iron and Ammomum Citrate and sacnficed at two or 
three hour mtervals to comcide wnth the highly significant peaks of absorption 
as summanzed m table 1 

Some mvestigators feel that fastmg is necessary for uniform results If, 
however, Groups A, B, C and D of table 2 arc compared mth appropnatc groups 
of table 1, it is apparent that the maximum degree of absorption is compamblo 
under each circumstance and that fastmg or fastmg with fatiguing docs not 
appreciably mcreose the absolute maximum level With the dose of 0 25 gram 
of Iron and Ammomum Citrate the maximum absorption appiears earlier m the 
fasted animals, but is not sigmficantly greater Sunilarly, the percentage 
increase over normal controls is comparable 

On the other hand the per cent of increase in fasted animals over the fasted 
controls is markedly higher Therefore, it appears obnous that the only funda- 
mental difference m the two groups is the lower serum iron control value m the 
fasted animals 

To determme whether the serum won level obtamed from a smglo dose of 
Iron and Ammomum Citrate represents the maxunuiq absorption attainable 
withm a short penod of time, a senes of hourly doses were admmistcred All 
animals succumbed between the third and sixth hour except two mdividuals 
One male rat survivmg slx hourlj doses of 0 1 gram gave a readmg of 593 rmcro- 
grams, a 16 per cent mcrease over the peak of absorption shown m table 1 (A) 
where a smgle 0 1 gram dose was used In corapanng the some individual with 
Table 1 (C) where a smgle dose of 0 5 gram was given, the reading falls between 
-those of i and i hour but far below the remaming significant results The 
mdividual rcceivmg ax hourly 0 25 gram doses gave a reading of 647 micrograms 
against the peak for a smgle dose of 633 as shown in table 1 (B) Remembering 
that this particular mdividual received 1 5 grams o\ er the six hour penod, the 
Benim non level did not compare with anj group receivmg a smgle dose of 1 0 
gram as shown in table 1 (D) 
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TABLE 3 


Tk* abtcrptton of nnfjle do4t$ of Iron and Aaimomim CtlraU orallg admxnfrtered afitr 
ptnodt of fatting or fatiing and faitgving 
Tb« tlcDlficAno« of thfi resTilti (P) It estimated bj the Flther t method 


eaocT 

Don 

RX 

■D.ae 

KAII 

mx 

nrrxx 

TAt 

BXDMIMr 

Utxx 

Rut* 

r 

locraM 

tmt 

coetrolt 


trnjm 



W> 

mtcT*‘ 

fir irwl 

mtatfftms 
ftr t*ni 


f<r (tm 

Control group 


male 



303 

03-465 



Control group 


female 

7 


m 

379-558 



Control group 


male 

i 


138 

123-167 



Fasted and fatigued 









Group A 

0 6 

male 

4 

1 

002 

507-968 

0 01* 

12S 

Fasted and fatigued 








401 F 

for 0 hours 









Oroup B 

0 5 

male 

1 

1 

307 


<0 01 

67 

Fasted for 6 hours 








267 F 

Group 0 

0 25 

male 

1 

S 

616 


<0 01* 

141 

Fasted for 16-18 

0 2S 

male 

1 

3 

847 


<0 01 

439F 

hours 










0 5 

male 

1 

2 

721 


<0 01* 

150 


0 6 

male 

1 

3 

7W 


<0 01* 

594 F 


1 0 

male 

1 

2 

721 


<0 01* 

161 


1 0 

male 

1 

3 

602 


<0 01* 

451 F 

Group D 

0 29 

female 

1 

2 

1014 


<0 01* 

lOS 

Fasted for 1111-18 

0 25 

female 

1 

3 

633 


<0 01 

496 F 

hours 










0 5 

female 

1 

3 

893 


<0 01 

85 


0 6 

female 

1 

3 

665 


<0 01 

428 F 


1 0 

female 

I 

S 

1051 


<0 01* 
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681 F 


Significant loereascs la Mrum Iran lerel Vniea compared to fasted and fstlgimj 
oontrols all P raltM are 0 01 or lea 

t This ralue Is based on the mesa of the aignlBoant Inereases onlr ^ Indicates 
pereentage Increase orer fasted and fatigued controls 

C0NCLUS10N8 

1 Iron and Ammonium Citrato when given to rats in efifecUvo doees waa 
much leee irritating to the inteebnal tract than Ferroiu Sulfate^ 
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2 An cEfectiv e dose of either iron compound need not bo nn imtntmg dose 

3 Absorption of iron mto the blood serum s\ as almost immediate, but sigmfi- 
cant absoiption took place up to six hours after administration 

4 Esudence is presented to show that equallj satisfactory results may bo 
obtamed whether the animals are permitted food or are fasted or fasted and 
fatigued Under any of these conditions the ma\imum serum iron level is 
comparable 

5 Absoiption of equal doses of Iron and Ammomura Citrate was greater in 
males than m females, whereas females showed the greater percentage increase 
foUowmg Ferrous Sulfate 

6 The absorption followmg a smgle dose of iron compound was as great as 
that followmg repeated administration 
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ANTAGONISTS FOR THE CIRCULATOR'i DEPRESSION OF QUININE 

INJECTED INTRAA-ENOUSLY AND THE IMPLIED CHOLINERGIC 

ACTION AND NATURE AND IMPORTANCE OF THE VAflODILA 

TATION IN THE DEPRESSION 

ROBERT H DREISBAOH ahb P J HANZLIK 
Frowx lk« Dtpcrimtni of Pkarmacolon Theraptvtitt Stanford VniomU)/ School of 
Modic\n* Soa FrmcUco Cdlxforma 

Received for pabticetloD September 24 1944 

Although quinine Is ordinarily not injected intravenously in treating malajia 
partly because of its undesirable circulatory depression this method has been 
widely used m avillan practice and in the armed emdees for the cmbolio or 
cerebral form of the disease, or in coma It waa reported to have saved lives 
m the eariy South Pacific operations provided the mjcction was given early 
This method rmght bo expected to deliver promptly and effectively the qumlne 
to the organs and capfllanes where the parasite* are stagnated, as m P fal 
aparum infection Howei^r malarial or battle casualties or both may bo 
poor drculatory naka which might increase the haiard of the intravenous in 
jection- Therefore it appeared desirable to us to obtain a better understanding 
of the actions of quinine intravenously and to discover il possible measures 
for preventing or mitigating tbe circulatory depresoon This report presents 
the results of such a study 

A detailed dlscuttiOQ of prcricHurocommentUUonj (1 2 3 4 5 6, 7a&<18}forQjincqtii 
nlQfl tntravenooily U omlttwl bere to nre vpaoe Briefly bowerer the common featarei 
are quinine dlbydroohloride or b> droohloride in low concentTation and ilow injeotlon 
Exceptional concentrations of quinine tre 5 per cent (6) and 10 per cent GO wbleh teem 
danc^ua Epinepbrlne 1 cc I 1000 {ntcavenously Is tdvlsed ts needed (4); tbe came 
doee is also flvea in mixture with the quinine (B) and tie value of this bu be«n confirmed 
experimentally by us 

hLcTCODS The feneral plan was to t««t the effects of anUfonlsts on the quinine dt 
pressloQ according to known effects of thace agenta. The aim was to prevent correct 
or relieve the depresnon by mediating opposite ecllons on the known phyalologleal ele 
monte involved and also to strike at tbe fundamental cause of quinine depression A fail 
in blood pressure and slowing of the heart were the criteria of rireulatory depression using 
rabbits aj»i eats ohiefiy rabbits G^ rabbits and 14 eata total 90 anlmale) Rabbits were 
well suited to our porpoee because of tbelr labile dreulation which presented variable 
■tatee oorrespondlng In general to good or poor drculatory riaki Cats were used chiefly 
for checks of suggestive antleoliapce measures In rabbits snd for the ohoUnergio mecha 
nlsm and peripheral vasodlUtstioD Pentobarbital SOmgm perkgm injected Intrsperi 
tOEMalJy woe used for anesthesia In eats wfalle urethane 0 76 gram per kgm reetdly 
was used In rabbits 

Blood pressure was recorded from a mercury manometer Joined usually to the right 
carotid artery using 20 per cent sodium thiosulfate aa antleoagulant Heart rate was 
oounted from the osdliations of the m a n o m eter Testa of the antagonists were made In 
mlrnwla with high or normal blood pressure and in those with low pressure produced by 
hemorrhage A standard tingle therapeutic dose of quinine aulfate was injected into a 
saphenous vein at a constant snd moderatdy rapid rate from an ordinary graduated burette, 
1C7 
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I e^, 10 mgm per kgm of bodj weight m 2 minutes This dose corresponded to 0 7 gm in 
a 70 kilo adult man Occasional!}, 30 mgm per kilo was giicn to cause profound de- 
pression The total number of injections was about lllO and of agents tested, 32 The 
antagonistic agents used were injected mixed with, or giien 1 or 2 minutes Iwfore the 
qmnine Successixe injections were usual!} made unti! death Genera!!}, time nasal- 
lowed for recover} to the prenous !oic! before the next injection, although there was in 
all cases a progressive reduction in blood pressure The rate of injection used nos more 
rapid than that usually adneed climcall} , for malarial patients, but this was done pur 
pose!} so as to produce a prompt and sharp, though moderate, loaenng ol blood pressure, 
which would facilitate comparisons of the results There would have been no object in 
making the injections so slowl} ns to avoid evident depression since this would have de 
pnv ed us of a V alunble entenon However a few injections were made more slow!} , ap 
proTimating certain climcal recommendationa, but without essential differences in the 
degree of depressor action 

Qmmne sulfate was used b} us, part!} because of the av ailability of a supplv of this 
salt, and parti} , because it did not precipitate with human plasma and horse serum, while 
the quinine h}drochlonde did in 1 per cent strength The quinine sulfate was dissolved 
in 0 9 per cent sodium chloride solution, I cc containing mgm quimnc sulfate, so 
that S cc per kilogram of rabbit were injected for 10 mgm of tbc alkaloid Injections of 
8 cc of saline solution at the some rate os the quimnc solution caused no, or onlv momcn 
tary, changes in blood pressure From time to tune tbc same dose of quimnc base as qui- 
nine biBuIfnte in a total of 1 or 2 cc of saline solution was injected with exnctl} the same 
fall in blood pressure Thus, the v olume effect of the solution of quinine sulfate w as negh 
gible as a contnbutor} factor to tho depression in sncccssn c injections 

k anations from the general procedure were introduced according to tho requirements 
of certain tests, and these are considered m the text The results of all cxpcnmcnls were 
summonted according to per cent changes in blood pressure and heart rate after each agent 
or procedure and comjjarcd with the preceding or control level The changes in blood pres 
sure were found to be more consistent than those in pulse rate, despite the fact that tho 
heart was mvanabl} slowed by the quimne The changes are expressed as averages of at 
least three, and genera!!} more, injections of the more promising agents At least 3 an! 
mats were used with important agents, with others, which apjicnred repetitious or less im- 
portant, trials were limited to one animal A statistical anal} sis of tho results was not 
made, mnee the data for the different agents vnned greatly, and was not deemed ncces 
sary, since the trends were sufficiently evndent 


CoxTROLS Injections of the standard dose of 10 mgjn per kgm , of quinine 
sulfate ID pbjaologjca] salt solution in 55 rabbits -mth normal or high blood 
pressure produced an average fall of 29 per cent with complete recovery to the 
ongmal level m 56 per cent of 206 tnala (table 1) Injection of the same dose 
in 5 rabbits with blood pressures below 60 mm Hg produced a reduction of 30 
per cent with complete rccoverj m 77 per cent of 13 trials (table 2) Doses of 
30 mgm per kgm , m 10 rabbits with normal pressures, caused an average re- 
duction of 39 per cent, wath complete rccov erv m 64 per cent of 14 trials (table 1) 
VThen the same dose was mjected m 4 rabbits with pressures below 60 mm Hg, 
there was a reduction of 52 per cent with complete recover} m 71 per cent of 7 
injections (table 2) Defimteb , the depressor action increased vnth the incrc;^ 
in dosage of quinine in both normal and low circulatoo states 4\’hilc the 
number of animals for the 2 different doses m the 2 states differed considenblj , 
the average degree of the depression after the small doses was praclicalh the 
same m the two circulatory states, but not quite comparable after the larger 
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TABLE 1 

Effectf oj tarlouM aftnt$ mik or prior to qitinine ndfate injecUd inlnocnotulf in mWift* with 
normal blood prtotvrt 


AOCMT 

■on m cox. 

aoxsu 

ta 

nmn ! 

0# 

TKUU 1 

irzuoE m cxvT 

rAUOT uoco 

tAWOS 

uimiaiL 

IXCOTUT 

ornuut 

CoQtroU 

Saline aolntion 


65 

206 

29 { 4-63)1 ' 

56 

Saline boIuUod 


10 , 

14 

39 (15-56) ' 



Colloidal agBpf 


Human plasma 

8 CO 

3 

8 

23 (12-15) 

75 

Human plasma 

24 CO 

3 

8 

43 (10-74) 

67 

Methocel 0Sn5% 

8 CO 

1 

8 

35 (22-49) 

S3 

Acada 0% 

6 cc 

8 

6 

34 (20-36) 

100 

Acada 6% 

24 ee 

3 

5 

26 (19-35) 

19 

Acada 16% 

6 cc 

2 

4 

18 (10-27) 

75 

Pectin 1% 

8 cc 

2 

8 

24 ( 7-36) 

100 

PocUn3% 

8 cc 

3 

7 

42 ( 4-73) 

88 

PecUn 8% 

24 CO 

1 

2 

SO (30-31) 

100 

Pectin 6% 

8 e« 

1 

3 

14 ( 5-20) 

100 

(JoDfo redt 

60 mgm 

4 


28 (11-39) 

60 

Congo red t 

60 mgm 

4 

4 

63 (48-90) 

50 

CoDgo redf 


3 

8 

42 ( 7-68) 

86 


Sympathomimetic amino 


Epinephrine 

0 01 rngm 

11 

83 

21 ( 0-«) 

91 

Epinephrine 

0 016 mgm 

4 

10 

13 ( 0-39) 

100 

Epinephrine 

0 02 mgiiL. 

9 

31 

. 17 ( 0-74) 

07 

Iseosynephrine 

0 1 mgm. 

2 

5 

18 (11-31) 

lOO 

Leotynephrine 

0 05 mgm 

3 

7 

12 ( S-I8) 

85 

Benxedrine 

0 — iO ^T>pn 

1 

2 

67 (48-68) 

100 

Ephedrine 

5 0 mgou 

3 

5 

37 (11-59) 

100 

Ephedrine 

10 0 mgm 

2 

4 

22 ( 8-31) 

100 

Ephedrine 

16 0 mgm 

3 

4 

24 ( 0-67) 

100 


Caloltun aaJta 


Oaldom ehloride 

10 mgm 

6 

37 

16 ( 0-34) 

100 

Caldom ehloride 

20 mgm. 

6 

22 

24 ( 0-55) 

05 

Caldmn chloride 

40 mgm 

3 

14 

21 ( 8-63) 

71 

Caleium chloride 

60 mgm. 

4 

6 

44 ( 7-100) 

50 

Caldum lactate 

26 mgm 

3 ; 

0 , 

17 ( 7-'»4) 

67 

CaCli ploa epinephrine 

10 -f* 01 mgm 

1 

3 

19 (16-21) 

100 

CaClj plus epinephrine 

20 4- .01 mgra 

3 

4 

23 03-36) 

100 

CaCIt plua epinephrine 

40-f- .01 mgm 

1 

1 

17 

100 


DltitoUa group 


Dlgltalia 

20 0 mgm. 



22 (lS-20) 

100 

Btropbanthus 

0 2 mgm 


5 

13 ( 0-19) 

100 

Btropbantbln 

0 01 mgm 

3 

3 

23 (21-25) 

50 

Btrophanthin 

0 05 mgm 

4 

12 

31 ( 3-33) 

03 
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1 

ACtKT j 


iruicBtt 1 


1 AvtiAct re* cxyrt 

coietcTt 

1 Dost ret KOt 

or j 


TAXI, or ILOOD 

»tco\Tir 



A»DU£S 1 

rwuixs 1 

WXMOre A3TP 

1 retctxt 




1 *AWCt 

' or niAut 


Xanthines 


Caffeine 

Ammophylline 

10 mgm 

5-30 mgm 

4 

3 

7 

6 

28 (24-32) 

65 (29-83) 

72 

60 

Metabolic stimulants 

Dinitropbenolt 

1 10 mgm 

1 j 

1 

' 24 (16-29) 

1 0 

Thyroxmt 

1 mgm 

1 

1 

S3 ( 6-49) 

100 


Reducing agents 


Sodium thiOBulfatet 

Sodium formaldehyde j 

0 5-1 0 gm 

3 

1 


37 (22-65) 

I 60 

sulfoxylatc j 

1 0 gm 

n 

H 

75 (60-100) 

0 


Vitamins, cnijTne systems, and substrates 


Nicotinic acidf 

50-100 mgm i 

3 

B 

18 (10-30) 

43 

Ascorbic acidf I 

50 mgm i 

4 

B 

22 (10-35) 

40 

Tfuammf 

10 mgm 

6 


19 ( 2-63) 

93 

Eiboflavint 

1 mgin 

2 

5 

18 ( 9-29) 

72 

p Aminobenroio acidf 

20- 60 mgm 

2 

6 

37 (23-48) 

71 

Sodium Buccinatef 

1 100 mgm 

4 

6 

80 (21-67) 

78 


Miscellaneous 


Methylene bluef 


4 

0 

21 ( 0-35) 

95 

Guanidine 


1 

■■ 

13 (10-10) 

100 

Ergot aminef 

1 mgm 

1 

■■ 

36 

0 

Physostigminef 


3 

6 

25 (11-42) 

70 

Nikethamide 


3 

6 

54 (39-74) 

33 

Nikethamide 

20 mgm 

1 

3 

27 (17-35) 

100 


• 30 mgni per kgra of quimne sulfate 
t Administered prior to quinine 

1 Becorery of blood pressure to the level before injection of quinine 
5 Numerals in parenthesis give the range 

doses The per cent of complete recoveries also tended to be of the same order 
for the different doses m the 2 states 

In general, a completely successful antagonist of the depression, resulting from doses of 
qnimne of therapeueic order, in normal animals, should bo capable of preventing or appre 
ciably reducing a 30 per cent fall in blood pressure and producing rccovcncs of 75 to 100 per 
cent. These values are approrunations derived from the control injections, and were used 
for estimating the value of tbo different agents tried Two factors, which appeared 
obviously important, were used in assessing the efficiency of the different agents 1) the 
average per cent fall of blood pressure, which reflected the degree of reduction or pre\ cntion 
of the depressor action, and 2) the per cent of complete recovenes, to the ongina] lei cl of 
N blood pressure, in the total trials made For example, when the aicrage per cent fall m 
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blood praanre wu xero tbero wu eomplote of deprecaor action of qalnlne 

and when the arertEC por MQt rocovaiy waa 100 the anUionixm waa defi[iitel3^ more com 
plete When the average fail In blood preeaure waa abooi oneself that of the control i e 
U or 13 per cant -and the reoorerir 100 per eent thla waa accepted aa being farorable td the 
anUcoolat Bat when the average fall io blood prtaaure waa over SO per cent (control 29 
per eent) and the average per cent recoveiy below 75 per cent the antagonlctlo eUdencT' 
waa definitely unfavorable It teemed clear ibae the lower the average per cent fall In blood 
preasure (definitely lesa than SO per cent) and the oloeor the approach to 100 per cent of trlala 
glvinc complete recovery the U^ier waa the order of antagoniatle efildency of an agent 
and the anuJler the haaaH of intravenoua Injection of qtdnlne. Compariaona of the reanlta 


TABLE 2 

Effects ofqidnins sulfate xeith eoUerfdalaffsnlsInJeciedintTassnovslf in rabbits vUk ebnemaUy 
lov blood prtssurs (5«fev 60 mm. Bg) praducsd by ksmorrkags 


AOEirT 

oaa 

RUMan 

or 

■moxa 

01 

T»tHI 1 

Arcuox ns exsr 
lAU. 01 moo 
nXMOU ASD 
UMX 

m niAUt 

10 mgm. of quinliM tulfate per kgm4 


tcAem, 





Saliue eoluUon (control) 

8 

5 

IS 

so (IMl) 

77 

Human platmn, 

8 

2 

8 

45 (17-72) 1 

60 

Methooel 0.075% 

8 

1 

1 

0 1 
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Nnmben io parentheala give the range 
t Recovery to level before injection of quinine 

J Quinine waa admlnlatered with tbe different eollolda except eongo red (50 mgm per 
kgm) which waa given prior to InJectioD of the alkaloid 

with the different agenta Uted with quinine and quinine in aallne aoluUon (table 1) ahowed 
that about 3 agentaaatiafied tboco criteria of benefidal actlona to acme extent atleaai. 

CoLLOHiAL AGENTS. In tbe early South Pacific operationB quinine m human 
plasma is reported to have been need mtravenously with eucoea in treating 
emergency casea with severe malarial infectiona "Whether this w^ done to 
mitigate the cardiac depression of the alkaloid or to promote general recovery 
of poor circulatory risks or both is not known It is oonceivable that the 
colloidal character of the plasma acting as a physical protective mi gh t reduce 
the mtensity of the direct cardiao poisoning by the alkaloid Human dtrated 
plasma was found to be practically Innocuous for rabbits but it did not reduce 
the depressant action of quinine (table 1) On the contrary it tended to pro- 
long recovery of the blood pressure. The same was true for methocel 0 075 
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per cent, pectin 3 per cent and 6 per cent, and acacia, 16 per cent, containing 
the qumme, and congo red, SO mgm per kgm , injected prior to the quinine owing 
to precipitation when mixed with the alkaloid The on!} 2 cololidal agente 
which showed partial benefits were acacia, 6 per cent, and pectin, 0 6 per cent 
and 6 jper cent, containing the qumme The degree of depressor action was 
practically not reduced, but the recoveries were complete The nscosity of 
these 2 solutions is about the same as that of plasma The higher dose of 
qumme, or 30 mgm per kgm , was only partiallj antagonized by pectm, 3 
per cent, and acacia, 6 per cent, but not by the other colloids tned 

It seema tliat there la a limit to the antagonistic or protective oIBciencj of colloidal 
agents generally Only pectin and acacia in lower concentrations indicate possibilities for 
mitigating the quinine depression and promoting recoveries Both these agent* have been 
used in ohmeal intravenous injections for shock with vanable success As compared with 
other agents to be desenbed, acacia and pectin are definitely less desirable and not to be 
reco mm ended Besides the objectionable reactions to these agents, the solutions do not 
keep well and require sjKcial precautions in preparing and handling Our result with 
acacia that it does not decrease the depressor action of quimno lotravenousi} confirms an 
earlier observation by MoCamson and Cornwall (9) 

Stmeathoshmetic AsnNES Injected together with the standard dose of 
qumme, epmephnne was the only one of 4 ammes ,tned vhich acted bene- 
ficially m doses which might be permissible clmically The doses used were 0 01 , 

0 016 and 0 02 mgm per kgm The smallest dose was the least effective and 
most irregular The followmg results were obtained m 6 otherwise untreated 
/ rabbits In 2 rabbits, 0 01 mgm per kgm caused rises of blood pressure dunng 
the first 2 injections, but not the third mjection in 1 animal, and still produced 
a nse dunng the third mjection m another In 2 other rabbits, this dose faded 
td produce nses of blood pressure dunng the first injections The 2 higher 
doses definitely decreased and frequently prevented the depressor action In 
fact, these doses mixed vnth qumme caused moderate and vanable pressor 
actions dunng the first 5 mjections m 3 rabbits and dunng the tenth injection 
m another rabbit, but the pressor action faded to occur durmg the fifth and sixth 
mjections m 2 other rabbits, the previous doses havmg been effective Typical 
results with qumme and epmephnne m different doses m othennse untreated 
rabbits are illustrated m figure 1 

In 16 different rabbits, the majonty of which received epmephnne and some 
other agents at some time, the average results showed a mitigation of the de- 
pressor action, 1 e , 13 and 17 per cent reduction m blood pressure with 0 015 
and 0 02 mgm per kgm doses of epmephnne, resjiectnely, or rougldj one 
half the fall m blood pressure m the controls mjected with salme solution Com- 
plete recovenes occurred m practically all of the 60 tnals made In many in- 
dividual tnals, the antagonism of epmephnne was actually better than the 
averages mdicated, because there was complete prevention of the depressor 
- action, as mdicated by the ranges from zero upwards (table 1) The depressor 
action of qumme generally manifested itself after about the fourth or ™'‘^in 
jechon of qumme-epmephrme, and this became progressively more marked ns 
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the number of Injectiona Incrcofed From this it appeared that the heart could 
onlj sustam the mcrcaso in penphernl resistance caused by epmephrme until 
the organ ^VE8 W'eakened bj the quinine Injections of epmephrme following the 
quimne were never as beneficial as mixtures of the 2 alkaloids The heart intis 
aloNred at all times regardless of the antl-deprcseor action of the eplnephnne 
This did not mcon that quinine paralysed the sympathetic inner\Tition to the 
heart because \asoconstnction was present at the same time inth the bmdi 
cardia Presumably the cardiac muscle itself \ntib relatu'ely more poisoned 
by the quinme than nere the blood vessels Our results in rabbits and seme in 
cats (fig 3) agreed with those of Koniett (10) who used cats and found that 
the depressor action nn-os prevented when the epmephrino nn-hs injected together 
NNith quinine 
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Fia 1 TmcAL CoufAHATtvc LrnurxMoot Errect* or EnNSroaiwE 0J)1 0 016 asd 
0i)2 Mom pkb Kom Each vttr Qaintm SonrATn 10 &Iou eeb Inou and 
Quinikb Soltatc Auirb on Blood Pmsssims and Pulab Rats in RABsm 
Rabbit (2 47 kgm ) (eipt 76) A qtanlo® Bulfate (control) B. quinine euifate with 
eplnephnne 0J31 me and C qnialne sulfate with eplnephnne 0Dl6 mcm Rabbit (2^ 
kpn ) (ezpt M) D quinine eulfate with epinephrine OJS mips 

Time mark 20 seconds also aero leref (or blood prtnure (BJP ) Qn 6O4 • quinine 
sulfate 

These resulta with epmephnoe-qulnlne mixtures sustain certain clinical reeomraenda 
tions for preventing or at least nutlgatlng, ihe circulatory depression Howeier this 
practice would be expected to succeed with aboutdsuccflssive in]ectioDj Fortunately not 
more than 2 or 3 such injections of quinine with eplnephnne In 34 boon spaced at 3-bour 
intorrali would generally be required laanllmalarialtreatment The higher dotes used by 
us namely 0dll5 and 0JO2 mgm per kgm would be the equivalent of total doses of 1 06 
andl4mgm respectively foraTOkgm adult man aisumlng a similar action A dose of 
1 mgm epinephrine ablch is close to tlie equivalent of 1JJ6 mpn tried by ub in animals 
mixed with OA gm quinine hydrochloride in 33Q co of saline solution and Injected in 30 
minutes has been us^ successfally by Escher and Villequet in man (8) and therefore 
expenmentsl and ollnicml results agree closely Accordingly it is bobered that Eecher 
and Villequei s reocnnmendstlon Is worthy of further ollnleol tnal 

Aa for bIonn injections of quinine such as 20 or 30 minutes gcnemllv recom 
mended chnically as compared 'with the mpid injection (2 minutes) used by us 
in animals this was tested m rabbits The average per cent fall m blood pres- 
sure resulting from 2 injections of the standard doec of quinme sulfate alone for 
17 and 20 minutes was practically the same or about 26 per cent as the average 
fall in more rapid mjectlons (table 1) Tn\o Injections of eplnephnne, in doses 
of 0 015 and 0 02 mgm per kgm prevented the depressor action and caused 
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increases m blood pressure of 7 and 20 per cent, respcctivelj ’mule the number 
of animals and injections n-as too small to permit definite conclusions, tlie re- 
sults obtamed with long injections agreed mth the much more rapid injections 
The matter nas not pursued further, since long mjections were too time-con 
summg, and the short injections satisfied our purpose and permitted exploration 
of manx other possible antogoncsts, besides epinephnne, and other aspects of 
qumine action 

Although the tnals mth neosjTiephnnc ucre much more limited, the dosage 
necessary for antagonism of the quminc depression was much greater Doses 
of 0 05 mgm per kgm definitely reduced the depressor action and improiod the 
recover} os compared mth salme solution Doses of 0 I mgm per kgm were 
somewhat less effective m reducing the depressor action, but produced complete 
recovenes, comparable to epinephnne This dose would be the equivalent of 
7 mgm for a 70-kgm adult, which is too large for safetv , hut the smaller dose 
(0 05 mgm per kgm ) would give 3 5 mgm , which might be permissible The 
situation was less promising with ephednne, and the dosage was still higher 
Doses of 5 mgm per kgm did not sufficiently prevent the depression, but re 
cov enes in blood pressure to the onginal level occurred in all cases Doses of 
10 and 15 mgm per kgm were somewhat more beneficial, although defimtelv 
less than epinephnne, but all the doses of ephednne tned would be prohibitive 
for man In several tnals, ephednne markedlv increased the depression after 
sev eral doses of quinine had been injected and the heart became irregular and 
arrh}thmic These latter actions agreed with the well knomi poisoning effect 
of ephednne on the heart Therefore, this ammo would not be clinically do 
sirable Benzednne, in the few tnals made, al-m proved comparativ cl} in- 
effective or undesirable Therefore, this leaves epinephnne as the s}mpa- 
thomimetic amine of choice for controlling, preventing, or mitigating the 
quinine depression The counteraction of the immediate and sharp fall of 
blood pressure b} cpmephnne appiears actuall} more ratisfactory than an older 
impression given b} McCamson and Cornwall (9) 

CvLCiroi Calcium chlonde was tned because of the stimulant action of 
small doses for the circulation Doses of 10 mgm per kgm , injected together 
with the standard dose of qumme were found to be definitely Iicneficial, being 
comparable m degree to epinephnne in doses of 0 015 to 0 02 mgm per kgm 
The depressor action was reduced IG per cent, and complete recovenes occurred 
in 100 per cent of tnals (table 1) Doses of from 20 to 80 mgm per kgm in- 
jected mixed vnth, or pnor to, the quinine were less antagonistic than the smallest 
dose of calcium as the depressor action remained praclicall} unchanged or vvas 
greater and recov enes w ere less complete Transferred to a 70 kgm adult man, 
the 10 mgm dose of calcium chlonde would give a total do«e of 0 7 gm whicli 
might be used safely, if injected slowly Theoretically, calcium lactate would 
be expected to be about as effective as the clilonde, but our results vnth an 
equimolar solution and the same amounts of calcium ion showed it to lie Ic^, 
gmcc the recovery vvas incomplete, and therefore, this salt is lass dasirablc 
Furthermore, solutions of calcium lactate arc not as stable as those of calcium 
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chloride Mixtures of CAlcium ohlorido m different doses with quinmo and 
epinephrine 0 01 mpm. per Irgrri. wore not more beneficial than epinephrine 
alone in different doses (table 1) There seemed to be no potentiated or additive 
actions of the calcium 

Otttbx AOEirr* Six other gaoeral types of agents tried proved disappoiDting since the 
2 criteria of beneddal action used were not generally satisfied at the same time That Is 
either the depressor action ramalned unchanged from the control or was aggravated and 
complete reeoreriea were less frequent when the depression was less, or they were ooca 
lioQSlly more frequent when the depreesion was worse The results (tsble 1} with these 
sgeots do not merit extended discussion except to lammarise bnefiy thh reasons for try 
log these 

The digitalis gronp was tried because of the demonstrated antagonism of qulntdlne for 
the early toxle dreulatory manifestations of digitalis (II) It was postalated that con 
versaly digitalis might antagoolie the depreesor action of quinine but tbis group proved 
comparatively inadequate and ondasirabie The xanthines were used as possible ooronary 
vasodilators and as direct cardiac stimulants and because these are recommended as re 
fosoitative agents in qalnine>cQUspse but they were not better or worse than saline tola 
don Since the fondamentsl causa of osrdiso depression by quinine is a disturbed ooordi 
nation of eniyme processes resulting from inhibition dspressioD or paralysis of ensymes 
eeriain Titamlns which belong to eoxyme systems were tried in the tense of subetltntion 
therapy This was the reason for trying riboQarln thiamine and niooUnlo add Ascorbic 
acid was tried because of its reputed ontitoxie aetloos for certain vascular efeoit How 
ever its reducing action would not nceeesarily setrre our purpoee ParU'^uiilnobeaxoie 
add was also tried on the general principle of an antitoxie agemt Methylene blae is an 
oxidatioa reduction dye which can fuaetion In tissues as a respiratory eatslyst and thus 
permit cellular activity after paralysis of nstural catalysts Its seUon in this respect 
would be most efficient in rodents Ln which its sctlon as a meibemogJoblniser Is least sffi 
dent In rabbits It had some antagonistic action to quinine chiefly se to recovery from 
the depressor aetiou In other mammals lacludlng man its power of cnethexnoglobla 
formation would be undesirable in cardiac depression Suotinste wus tried on the ssrump 
tlon that It might continue to be utilised as a substrate by the quinine poisoned heart and 
thus sustain the funcUousl activity of this organ This was postalated on certain resalts 
vith quinine reported by Wright and Sabina (13) and on Holmes (13) statement that the 
heart eontams much cytochrome which is very active in oxldiilog succinate However 
no vitamin catalyst or substrate was suEDelently beneflcisl to be of practical usefulness 
in immediate or cmergsney states except possibly tbUmine whose antagonistic efficiency 
iras dmllar to that of calcium chloride 10 mgm per kgm or epinephrine 0 02 mgm per 
kgm However longer periods of treatment with thiamine tueh as thoee used by (^der 
and Qreer for ehoek and bemorrhage (14) and which might result in some intrinsic antigo^ 
nism of qoinlne depression was regarded as not ooming within the scope of our objective 

Trials writh tbemetsbcliestimolsnUdinltropbeDol (Injected intravenously) and thyroxin 
(giren hypodermically 34 hours before quinine) ml^it be oltned with the catalyst *oategory 
Both dr^ increased the body temperature but no worthy snlagonlsn occurred and eveu 
if It had these agents woold not ^ desirable The reducing agents, sodium thiosulfate 
and sodium formaldehyde sulfoxylate were tried on the general principle of antidotal 
action but they aggravated the deptessiom The same occurred with ergotamlne and 
physostlgmine (peripheral vasoeonstriciors) and nikethamide (vasomotor center stlmn 
lant and recommended resuecitative agent) Tliree Injeotlons of guanidine (peripheral 
vasoconstrictor) with quinine in 1 rabbit were partly antagomstic but the high dotage of 
guanidine would be undesirable clinically 

ToricrTT or Quurrwi rwrmaTEWousLT ur TBBATjnarrs with DimjtEKTTrms of Aoxirra, 
It might be of practical Importanee to know whether the agents used for tests of antag 
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omstic action of the quinine-doprcssion affected the toxicifj of quinine An antagonut 
might be temporanlj beneficial, i e , pretent or mitigate the depression of 1, 2 or 3 tbera 
peutic doses of quinine, but further use of the antagonist might aggratato it, reduce the 
total dose of quinine which could be tolerated, and result in death Again, the continued 
use of an antagonist, with quinine, might not affect the total amount of quinine that would 
be fatal without the antagonist The majontj of the agenU tried (tables 1 and 2) possessed 
defimte actions mth more or less specific effects on ph> Biological functions Therefore, 
the cumulatue effects might bo disturbing to the sjstem, and the comparative results 
might shed some light on the possible hasards attached to tho intravenous use of quinipo 
under these or similar conditions 

The total doses of qmmne sulfate resulting from repeated intravenous injections of tho 
standard dose until death wore tabulated according to selected, predominant tjpes of 
agents ns used with quimne (table 1) Some of these might actually bo used with quinmo, 
or separately , in medication for some other condition besides mnlnna Table 3 presents a 
list of such average fatal doses of quimno arranged in descending order, using saline solu 


TABLE 3 


Intravcnoui fatal doses of quinine in rabbits treated with different types of agents* 


PITDOUDUKT TTPE Of ACEKT 

AVEEACe EATAt DOSt OT 

omrort 

Physiologic salt solution (control) (6) 

mim fer igm 

290 

ITtamins, etc (4) 

2-13 

Sympathomimetic amines (6)t 

220 

Colloids, all (11) 

200 

Human plasma (5) 

210 

Other colloids (6) 

135 

Calcium chloride (6) 

190 

Digitalis group (3) 

ICO 


* Median intial blood pressure in all rabbits was 80 mm Hg, range CO to 95 mm Ilg 
The number of rabbits compared is indicated in parenthesis 
t Almost cntirclj epincphnno and ncosj nephnno 


tion ns control for comparison Onlj those rabbits were used in which at least 3 animals 
had been injected with the predominant type of agent, which, in moat coses, was tho ex 
elusive agent 

Although tho number of animals in which tho compansons could be made was small, 
tho general trend of toxicity for quinine according to type of agent w ns suggestive That 
IS, the highest av erage fatal dose, or 290 mgm per hgm , occurred in animals receiving the 
alkaloid in physiological salt solution onlj The least objectionable and most favorable 
antagonists, namely, the ntanuns and sj-mpathomimctic agents, came next in order with 
average fatal doses of 243 mgm and 220 mgm per kgm , respcctivclj Collcctivclj , tho 
colloids were unsatisfactory as antagomsts and tended to maintain tho depressor ncUon, 
and here, the av erage fatal dose was appreciablj less, i e , 200 mgm per kgm , vanoiM 
foreign colloids ginng a lower av erage fatal dose, or 135 mgm per kgm , than plasma, which 
gave 210 mgm per kgm It is seen that from here on the av erage fatal doses w ere progres 
sivelj smaller, than for the other agents, i e , 100 mgm per kgm for calcium chlondc. and 
160 mgm per kgm for the digitalis group ^o agent tried raised tho fatal dose 

Thus in general, tho least favorable antagonists and the most undesirable agents tor 
the depressor action of qmmne m doses of therapeutic order (tabic 1) agreed with an in 
creased toxicitv of the alUloid according to the estimates made It would seem that 
qmmne used repeatedly might not be as well tolerated in individuals receiving, also re 
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pfatMUr afcnts of this kind such os forolKn colloids csldom and dl|italls These re 
suits Id animals are only suggestive bocause of tho high and frequent dosage of these 
agents and quinine which would not be used clinically However man is generally more 
senslttve and Illness may be a contributory factor and therefore in principle at least 
cautious use of these combinations would be leaning to the aide of safety On the other 
hand the hasards would appear to be definitely less In using similarly vitamins or epinoph 
rina snd neosynephrine with qulnlno This might be expected because vitamins are pros 
tiesily devoid of acute toxldtj and thesa sympathomimetic amines tend to be rapidly 
destroyed or their effects are not tofflCTentlv cumulative The consideration of these 
various poaslblUtles is not to be oonfused with the benefidsl effects of a single doee of 
epinephrine or neosynepfanne with a single therapeutic Uoso of quinine 

Toe emeULATORY depression of quinine as a CHLOINEROIC PHENOMENON 
WaeUch find Nachmansohn (16) reported reccntlj that qinnlno and qumaenne 
(atabnno) inhibit choltecstoraso in nlro qumaenne being 100 to 200 times more 
efhaent according to molar concentralioDfl On the basis of these results these 
autliore suggested tliat certain peripheral tocoo manifestations of quinacrino 
includmg A'agal stimulation ore duo partly to Inliibition of cholinesterase This 
would presumably mcludo the circulatoir manifestations, uhich ore the same 
for both drugs Wo u'crc mtcrested in detenmiung the \'alidit> of this theory 
for the circulatory depression of qulnme c\tm though it is weaker than qumaenne 
tn vttro For if the postulated correlation were true for the living organism, 
tho explanation of tho quimoe-depreasion would bo relatively aimple and n 
typical revoreal of this action by atropine would also protide a measure for 
pre% eating or correcting the dopresson 

Using 4 rabbits and C cats, ^th a highly sensitive tambour recording on a 
kymograph by air transmission from an oncometer which enclosed an entire 
hmd leg together with the usual records of blood pressure and pulse rate changes 
for quinine the typical circulatory effects of ocetylchoUnc or raccholyl were 
demonstrated and also the reversal of their effects by atropmiiatzon However 
the same animals injected lntra\'enouiJy with 6 and 10 mgm per kgm doeea 
of quinine blsulfate (to permit using tho smallest possible volume of salme 
solution) before or after the cholmes and also independently of the cholmcs 
in completely atropmued animals (abohtion of cardiac slowing and fall of blood 
pressure dunng clectncal vagus nerve sUmulation) reacted mvanably unchanged 
from tho action of quinine alone That Is the bradycardia, tho depressor effect 
and a small immediate and fleeting peripheral vasodilatation persisted m 
animals typicalU reactive to the cholmes and revcraible by atropme Curania 
tion did not affect the results Therefore the choUnergic theory of the circu 
latory depression of qumlne lacks validity and by the same token atropme 
V. ould be of no value m prev onting or checking the depression or collapse. Figure 
2 iflustrates typical results obtained with qumine 

The teriphebal vvbodilatation or quinine. It has long been known that 
quinine causes a peripheral vasodilatation apparently mamly m the skin (10) 
However the nature and importance of this m tho depressor action of qulnme 
has not been entirely clarified In our tests for the unplicd chohnergio action 
of the alkaloid the vasodilator action was demonstrated in the pfcnphcraj vessels 
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that IS, m the hind legs, but tlus did not establish the seat of the action, nhich 
might be in the vasomotor center, the subsidiarj’^ centers m the spinal cord, or 
in the blood vessels Therefore, 5 other cats i\ere prepared as for the cholinergic 
tests, except that both hind legs were put into oncometers vhich vere connected 
with a single tambour, and, at the same time, oncometnc records Mere made of 
different viscera m different animals The results i\cre stnkingh conclusne 
for the seat of Qumme-action m the peripheral blood i essels, because the leg 
oncometers recorded a sharp and marked increase m \ olumc inth simultaneous 
passive constnction of a kidnej or mtestme, before and after section of the 



Tio 2 Ttpicau Vasomotor Reactions to Acetylchoune, Inceodino Vasomotor Hr 
vsnsAh after Atropinization, with the Tipicae Depressor Actios of Qoimae 
Injected Intravenouset Before and after Atropiniiation in Cats 
Cnt (2 90 kgni ) (expt 67) A, acetjlcholinc 0 04 Bomma per kgm and quinine bimilfatc 
S mgm per Kgm , as controls, B, quinine bisulfatc, same dose, after ntropiniiation (2 mfun 
per kgm atropine intra\enousIj , vap paralyzed, leg \olunio somewhat exaggerated), 
C, vasomotor reversal (nse of blood pressure and vasoconstncfion in leg) after acetyl 
choline 1 6 mgm 

Cat (421 kgm ) (expt 62) D, quinine bisulfatc 10 mgm per kgm , caused the usual 
fall of mood pressure and vasodilation in the leg, preceded by compicle atropimzation, 
vasomotor reversal of ncctylcholinc and usual control effects from quinine and acctylclio 
lino before atropine, ns in Expt 67, above, the latter changes not being shown in this 
figure 

Time mark 20 seconds, also zero level for blood pressure (B P ), one hind leg in an 
oncometer (see greater leg volume changes, using 2 legs in fig 3) All drugs were injected 
intrawnously 

cemcal cord and destruction of the spinal cord by pithing Tlic doses of quinine 
injected intravenously were 5 and 10 mgm per kgm , the responses being gen- 
erally smaller with the higher dose, though not always Typical results arc 
illustrated in figure 3 The peripheral vasodilatation occurred dunng the fall 
of blood pressure and the cardiac slowing, and sometimes recovered Iieforc the 
depressor action and brady cardia recovered But, when the latter were markcti 
and sustained, as with higher doses or repeated small doses of quinine, the on- 
cometnc record showed a reduction in volume, as the result of cardiac depression 
Smee the tyqucal vasodilatation occurred in atropinized animals, and was 
not reversed to vasoconstnction, it was not mediated by a cholinergic action 
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It was not due to depression or paralj'sts of sympathetic innenstion because 
injection of oplnephnne promptly re\'or8cd the vasodilatation to >*aflonconstric 
tion contrary to Nelsons \neu' (10) The i.asodibtor notion was generally 
not demonstrable after the third or fourth injection of qumme Whether this 
was due to tachjqihylaxis m blood \'eB8el8 was not mveetlgated but the heart 
continued to be depressed It follows therefore that tlio %asodUotation of 
qlnme injected mtravenoualy is an early phenomenon which is not only com 
paratively minor and e\'aoe6cent and of httlo or no importnce m the tj^pical 



Fio 3 TmcAL PcnrEKRix Vasodiuatatiom ur tbv Hind Lzos ajtd Paasitb Cokstwo 
T io'f nr X KxDNirr Arm DrraAVKNocrt buecnos or QunnNB Dibultat^ 6 Mou nu 
Kom IK X Cat ( 8 ^ Kok ) (Exrr 00) ArtaaSccnOK or the CeittcalCord (A) xjtd 
Pimmo or tobSpikal Cord (B), AKoSmiLAKVABOMoroB CaAKOE»wrpiD*™a»*eR 
AonoH nr Akothkh Cat (2iM Kom ) (Exit 85) wrm Cckticai. Cord Cut ArriB 
Quumra Bisultath Aloke (CO axo AirrAOoNiBuorTHB \ aiodilatatiokiktiteLeos 
BT EmnirBBiKB 0UO5 &Iou perEok, Mdcbd -wits tbt Same l>oflc or Quikoib nr 
TBB Bamb Oat (D) 

Time-mAxk 20 kooikU b1*o wro lore) for blood prewure (B P ) Qu Bi-SOi quinine 
blniifate let from both hind le^ tocetber 

sustained defpreasor action but it is also not of centra^ cardiac or cholmergic 
origin 

Value or REBUsciTATn'E aocktb in quinine-collapse Epinephrine 
caffeine aminophyllme and nikethamide (coramlno) ore recommended as re- 
suscitative agents, the last 3 agents being ad\'ised m certom military directives, 
Epmephnne Is probably more relied upon in civihan practice so that this drug 
is recommended to be kept ready at hand to combat the sudden and alarming 
depressor effects of quinine intraiTnously As already discussed in tho foro- 
pert of this paper some clinicians ad\Tse giving epinephrine \nth quinine a 
practice which is supported by our expenmcntal results m animals nhich could 
be classed as good circulatorv risks (Dorraal or high blood preasure) However 





180 


ROBERT H DREISBACH A^D P J HANZUK 


resuscitative agents arc used or recommended m sudden circulntor> collapse 
nhen the blood pressure falls to the shock, or below shock, level and the heart 
beat IS barelj perceptible Such severe reactions arc also reported for ordinarv 
clmical intravenous doses, probablj vrhen injections are made too mpidlv, or 
when the concentration of quinine in solution injected is too high 
The following resuscitative agents were tned by us when the blood pressure 
generallv reached a level of 20 mm Hg or less epmephnne, neosynephnne, 
ephednne, caffeme, ammophyllme, nikethamide, and 0 9 per cent sodium 
chloride solution, as control The median level of all blood pressures was 7 mm 
Hg (range, 3 to 20 mm Hg) The only exception was 1 animal used at a lev el 
of 50 mm Hg with aminophj lime With the most promising agents, 3 different 
doses were tried, with others, only 2 The 2 chief catena used were the degree 
of sustained recover}' in blood pressure, usual!} for 10 minutes, estimated m 
per cent of the mitial lev el of blood pressure, and the per cent of tnals giving the 
sustained recover} The immediate and evanescent peak pressor effects of the 
sympathomimetic amines were not considered, as it was believed that the sus- 
tained recovery was a more desirable objective Our catena were more in- 
dicative of an immediate and relatively short-lastmg resuscitative effectiveness 
than a permanent recovery However, it is probable that, once sustained re 
covery occurred, this would have been permanent m many, if not the majonty, 
of the anunals, which were not observed further, but used for other tests, ns 
their circulation was m reasonably good condition Tlie essential data are 
presented m table 4 

Usmg av'erage values for estimatmg the comparative efficiency of the different 
agents tned, it is clear that caffeme, 5 and 10 mgm per kgm , ammophy lime, 
10 mgm per kgm , ephednne, 5 and 10 mg per kgm , and ncosymephnne, 0 1 
and 0 3 mgm per kgm , were practically valueless, and not much better, or 
worse, than salme solution, alone Caffeine and ammophyllme caused a further 
fall of blood pressure m about onc-half of the tnals and animals In the higher 
dose, or 30 mgm per kgm , ammophyllme caused a recovery about equal to 
epmephnne, 0 05 mgm per kgm , but this dose of ammophyllme would be 
prohibitiv'e m man Caffeme is generally given hypodermically, wlulc ammo 
phyllme and nikethamide arc giv en mtrav enously m emergencies, but for purposes 
of comparison, all drugs were given by us intravenously , i e , under the «ome 
conditions The use of saline solution was generally combined with cardiac 
massage by compression of the chest, and artificial respuntion, but to no avail 
m the majonty of tnals and animals In the 10 rabbits used, the sustained 
recovery was only 10 per cent m 23 per cent of tnals Cardiac massage raised 
the blood pressure mechanically' dunng the compressions, but this fleetmg pressor 
action was omitted m estimatmg the value of salme solution alone Of the 
remammg agents, epmephnne, m doses of from 0 02 to 0 1 mgm per kgm , 
came first, nesoynephnne, 0 05 mgm per kgm , was a close second, and nike 
thamide, 10 and 20 mgm per kgm , third, m order, according to efficiency 
and dcsirabhty However, the resuscitative efficiency, under our conditions, 
should be regarded as not more than trends because there w ere indiv idual animals 
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wfaich did not recover after treatment with all these agents as indicated by the 
ranges In the results from icro upwards The number of anmmls was not uniform 
throughout, and with some the number of doses was too small to permit fine 
distinctions. However the high reeuscitative efficiency of epinephrine m the 
emaHeat doee tned or 0 02 mgm per kgm agreed with the generally beneficial 
effects of the same dose of epinephrine on the depressor action of quinine In 
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ftjmnaig with hi^ blood pressure already discussed Neoeynephrine and 
epinephnne in 2) times the smallest dose of epinephrine were about equally sabs 
factory, as indicated by the nearly identical per cent recoFveries of the initial 
blood pressure in a similar per cent of tnaU. Nikethamide m only the smaller 
dose of 10 mgm per kgm would probably be permisaihle clmicaDy but this 
caused only a recovery of 27 per cent m the blood pressure as against and 38 
per cent produced by epinephnne 0 02 and 0 05 mgm. per kgm respectively, 
and 80 per cent by neosynephnne 005 mgm per kgm. The higher doee of 
nikethamide or 20 mgm per kgm would not be perimasible clinically owing 
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BEHAVIOR IN THE BODY OF SOME FRACTIONS OF GELATIN^ 
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WUf KttUttcJhv 
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Since the recent revival of Interest in gelatin as a blood substitute (1 2) 
several studies of the pharmacological properties of gelatm solutions m ex 
pemnental ATiimals and in man have been made (3-8) It has been reported 
that gelaUn, after intravenous injection into normal animals and men remains 
m the blood stream for some time, retaining fluid and thus mcreaaing the plasma 
volume Desirable therapeutic results from the administration of gebtin 
solutions have been described in dogs foUowng hanorrhage bums and other 
trauma and m patients suffering from a \*anetj of conditions of shod, 

Gelatins obtained from collagens of different sources, as beno and slnn ha\e 
been used (3) but many of the mvestigationa have been with a particular bone 
gelatm * Gelatin is recognised to consist of molecnles of varying molecular 
weight (9 10) and attempts havo been mode (11) to determine the relation of 
therapeutic value to molecular si*e by studying solutions of gelatin held at 
high temperaUirw for varying lengths of time to produce varying degrees of 
hydrolysis It appeared to us that the preparation of fractions of molecnlar 
weight \*ai 7 ing from high to low might be preferable to the use of graded pro- 
gressive degradation Such fractions have been prepared from the above 
mentioned gelatin*, characterited and studied 

PKBPAaAnoN AKD FBOPCtTm OF aEUTUV rmionom. The vheJe gelatin rtadird and 
naed for fncticm&tion irai ealdtcn eelatinate prodneed bj bTdroIyBis of aJVall treated 
borine long bone ooUagon tnpplied by tbe Knox Qelatlne Co and identified ti B78 1 
It waa fractionated by alcoholic precipitation (12) Eeaentlally the higheat molecular 
weight fraction waa preelpltated originally at 25*C at a concentration of 6!i% alcohol 
After repeated repreclidtation it wai finally predpitated at 0*C in 60% alcohol Tbe 
midd]einoIe«ularwmghtfraetionwaiprecipltatedat20*C in 47A% alcohol andtbelowest 
molecular wei^t fraction precipitate at 0 0 in 47.6% alcohol Ibe colloidal oemotio 
prMBure exerted by aolutlons of these fracUona in 0J>% NaCl adjusted to pH 7.S-7A 
waa measured at 37 in aHepp oamometer (13) vlthNo 300eeUophaoe (fig 1) Tbearer 
age molecular weighta were calculated from the olaadcal equation 

if-ffr? 

where C « grama of gelatin per liter of eoluHoo P — oemotio preseure in atmoepherea 
A — 0 0S2 liter -atmoepherea per degree T — abeolute temperature. Since thla equation 
la aeourate only for very dilute aolutiona the C/P raloea at infinite dJluUon were obtained 
by extrapolation of tbe data in figure 1 piotUng C/P against C and nelng tbe method of 
leaat aquaree aaauming a linear relation^p The denaity and nacoaity of tbeae aolutiona 


^ Thla inreitigation haa been aided in part by a grant from tbe Knox Gelatine Company 
* Gelatin B78-1 Knox Gelatine Co 
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at 37° were measured with a pycnometer and an Ostwald viscometer with a e ml bulb and 
a water-effluent time of 62 seconds (fig 1) Kelative viscosity was calculated ns vh, «■ 
pl/p,(„ where p and p, are the densities of solution and solvent, and t and t, are the effluent 
times of solution and solvent From these data, tbe intrinsic viscosity (ffo) was calculated 
according to the following equation 


B, 


lijn 

<j-o 


2.31ogr;/ei 

C 


where is the viscosity of tbe gelatin solutions relative to the solvent, C is the concen 
tration in grams of gelatin per 100 co of solution The data were extrapolated to infinite 
dilution, using the method of least squares, assuming a linear relationship Intrinsic 
viscosity represents the rate of change of relative viscosity with concentration at infinite 
dilution It IS useful as a characteniation since its value depends but little upon the 



Fjo 1 The Reuatiov of Relative Vibcobitt and Colloidal Osmotic PaEBSOBE to 

THE CONCENTHATION OF SoLTITIOllB OF GeLATIN FkACTIONS 


temperature and gelatin concentration (U) Water content was determined by drying to 
constant weight at 105°C Nitrogen content was determined by a micro Kjoldahl method 
(IS), glycine content (16), and bydroxyprolme content (17) colonmetnoally None of the 
figures in table 1 are corrected for content of water since we are not confident that the 
figures in the table represent the true water content (18) 

Experiments Male dogs weighing between 13 3 and 21 7 kgm were used They were 
anesthetized with ether long enough to permit exposure of a femoral vein and the intrave 
nous injection of 260 mgm per kgm o! eodiura barbital A period of three hours wm s 
lowed for approachment to a constant state (10) Blood was taken for determination of 
protein, CO, and the hematocnl values The plasma and erj throcyte volumes were then 
determined The warmed gelatin solution was mieoted in n cephalic i ein during 10 mi 
utes The gelatin solutions were made in 0 9% NaCl in concentrations “^ed to have 
colloidal osmotic pressures equivalent to that of dog’s pls^a as mewured o® ”” 

ter -20 mm He (See table 1 , "isoasmotic concentration ) Twenty hve cc perug 
were givenTeachMse The pH of these solutions was not adpisted The above men 
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tloned ob*«rTatioELj were repeated at 1 and 4 boon later Carotid arterial preaaun waa 
meatored with a Hg manocDeter througboQi the experiment Tbe urinary bladder waa 
emptied Juat before and 4 houra after tbe Injection of gelatin All blood aamplta were 
taken witb a cannnla In a branch of a femoral artery into tubea containing dried oxalatea 
1 JJ mgm of ammonium and 0 7 of potaaaiam per ee In four experimenta erythrocyte 
ooonta were made on the same aamplea of blood on which the hematocrit reading waa 
determined Two control expenmenta were done in one of which the blood drawn for 
aamplee waa replaced by econpatible blood from another dog 

blrmona The placma Tolume waj determined with T 1S34 Twenty mgm were In 
Jected for the control obaerration and lOmgm at the 1 and4hour periode Bloodaamplea 
were taken at20 80 and 40 mlnutea later and the dye content of the diluted plaamameaa 
ored In a Elett-Sammeraon photooomparator The dfe onneentration at time of Injee 
tiOD waa obtdinad by extrapolation of a time log concentration eurre Tbe total erytbro 
eyte rolume waa meaaured with carbon monoxide meaaured Into a bag -coda lime eanlater 
tyatem with a burette The purity of the CO waa determined by analyring for Oj with the 
Van Slykemanometrie apparatua and aaatnnlng the only contaminant to he air Twenty 
mlnutea after applying the CO the blood CO content and capacity were determined in 
duplicate by a palladium method C2D) The CO content of the gaa In the lung -bag lyatem 
waa determined with the aatne method and the Tolome of gaa in the bag meaaured Tbe 
dead apace of the eanlater and tubea waa found to be £80 ce by dilution with Ni and analy 


TABLE 1 
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ft 

ft 
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Whole 

80 000 

0 39 

11 01 

18 80 

26 8 

8 17 

8 00 

I 

29 000 

0 30 

14 06 

18 70 

26 2 

7 97 

2 60 

n 

» 000 

0 83 

8 73 

16 49 

26 8 

7 90 

3 88 

in 

$0 000 

0 66 

r M 

16 00 

28 2 

6 29 

4 85 


Coneentration at whieh colloidal oemotio preaaure r 20 mm Bg 


ala. The lung volume aa meaaured In a dead dog wm taken to be 250 cc A long volume 
of 209 oe for dogi weighing 8-14 kgm haa been reported r*l) Tbe bematoent reading 
waa detennined in Wlatrobe tubea for each aample of blood analyced for CO The raluea 
were corrected to 91.8% of the obeerred value (22) The plaama proteins were meaaured 
gravimetrically on 8 or £ cc aamplea (23) 

Studying the method of analyals for gelatin by dlSerence between trichloracetic and 
tungatie add precipitation (1) we found ^at gelatin and plaama protein were precipitated 
by adding 1 eo of plaama to 9 ce of tungatie acid aoluUon aa need by Van Slyke and Haw 
kina (24) diluted with one-half volume of water The lowest coneootratlon of tiichlor 
acetic acid at which the p^«»ma proteina are precipitated waa found to result from the addl 
tionofleo of plaama to 9 ce of 8% triebloracetle acid Table 2 ehowa tbe reaulta obtained 
with fueh procures. Approximately 1% aoluUona of the gelatin fraetlona were made in 
blood aerum The total N and N of trichlorscetle and tongitlo add filtrates were deter 
mined for tl^ serum and each tolotion in aerum by a micro-KJeldahl method (16) The 
factor 0^ was used to oonvart N to protein and gelatin The actual concentration of 
gelatin In each solution waa determined by subtracting tbe total N content of the aerum 
from the total N content of eaeh solution of gelatin In scrum and multiplying by tJS It 
appears that some gelatin U precipitated by the triebloracetle add Tbe error U largest 
for the high-moleonlar weight fraetlon and dnee these are the molecules apiparently re 
malnlng longest in the circulation largo errors might be expected as long aa any gelatin 
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injected contains sucli molecules Accordingly, we have determined gelatin as hydroxy 
proline (17), on 3 or 6 cc samples Although our values for hydroxyprolme content are 
lower than claimed (17), this has no influence on the value of the method, since the factor 
for calculation is as determined by us tlrme gelatin was measured by micro Kjeldahl 
determination of N in a recovered tungstic acid precipitate Since normal dog unne gives 
a mtrogen-contaimng precipitate with tungstic acid (table 3), the gelatin figures are only 
to be compared for the fractions Sedimentation of erythroc 3 des was observed m 16 cc 
of blood in centrifuge tubes, since irregular results were obtamed after gelatin in Wintrobe 
tubes The results were recorded as cc perminute, the maximum lelocitj bcingmeasured 
graphically Duplicate determinations varied as much as 25% 

Calculations 


Vitr 


CO»pp — COrpm 

/ CObloos \ ~~ / COuo«l\ 

\ H /«Il*tCO V H /befot* CXI 


cc 


Hbplro ■■ 


Hbpppp = 


CO«p X VsT 
BXIM 

COmp X 100 
H X 1^6 


gm. 

gm 


MCHb 


COp. 


jP X 10-’ X 1 36 
H 


micromiorograms 


Vs 


B X lO-’ 


cu micra 


Where Vat “ total volume of circulating erythrocytes, CO.pp »• cc carbon monoxide 
placed in bag, COr«, “ co carbon monoxide remaining in lung bag eystem, COupoS ” 
blood carbon monoxide content in cc per 100 cc , H percentage of erythrocyte volume 
in hematocnt, Hb«re “ total circulating hemoglobin, Hb,,.. — hemoglobm per 100 cc 
erythrocytes, COkp carbon monoxide capacity, cc per 100 cc of blood, MCHb «> mean 
corpuscular hemoglobin, E “ number of erythrocytes per cu mm of blood, Vg •» mean 
volume of a single erythrocyte 

Discossion The results appear m full m table 3, as averages m table 4 

The degree of retention of the different gelatins m the circulation is associated 
with, but IS not proportional to, their molecular weight If the percentage 
retention is plotted graphically against the average molecular weight (fig 2), 
it 18 seen that a gelatm of average molecular weight of 25,000 or less can be 
expected to escape rapidly from the circulation, and that the percentage re- 
tention IS not markedly increased when the average molecular weight goes 
above 50,000 

A simBar situation is seen with retention of fluid, if the very small retention 
of experiment 13 is disregarded The volume of fluid retamed per gram of 
gelatm retamed at 4 hours by the different fractions vaned no more than among 
animals receivmg the same fraction The average for this value m all experiments 
was281cc per gm ,vhich 18 larger than the value of 23 cc reported for human 
albumm m man (25) 

The total plasma protem fell no more than m the control experiments, except 
m ex-penment 13 It is of mterest that this ammal also retamed little of the 
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Injected fluid Othore (4) found no change in total plaanm protein when aimilar 
amounts of one of these gelatina (B78-1) were given When 60 co per Icgm. of 
gelatin solution were given in an earlier study (8) a reduction in plasma protein 
WM seen 

It has been reported (4) that tho injection of gelatin solution into normal 
dogs causes a reduction m the volume of circulating orj'throoj’tea, as calculated 
from the plasma volume and hematocrit reading This method of calculation 
can be criticised on the basis that tho hematoent \Tdue is not the same through 
out the circulation (20) Wo find no reduction in tho total circulating hemo- 
globm eveept m one experiment with the whole gelatin and in the eipenmenta 
with the high molecular weight fraction In experiments in which there is an 
apparent reduction in total circulating hemoglobin there is a discrepancy among 
the mean corpuscular volume which decrease* and the mean corpuscular 
hemoglobm which decreases, and the hemoglobm per 100 cc, of erythrocytes 
which also decreased. In the other expenments there was a decrease m mean 
corpuscular •volume no change m mean corpuscular hemoglobm, and an m 
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-1 0 

m ! 

6 86 

0 027 

0 06 1 

0 56 

+6 6 
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* Oelatln •• 6.25 times difference lo total nltrosen (tee text) 


crease m hemoglobin per 100 cc of erythrocytes oil of which are explained by 
shrinkage of the cells A posaible explanation of the results of expenments 
5 and 13 Is that the gelatin had interfered with the combmation of hemoglobm 
With carbon monoxide A more likely explanation is that rapid sedimentation 
of the cells resulted in the mtroduction into the pipette of blood containing 
fewer cells than were present in the whole blood sample This chiefly gives 
a low figure for carbon monoxide capacity which was low m these expenments 
and is the figure on which the mean corpuscular hemoglobin hemoglobm per 
100 oc. of erythrooytee and total circulating hemoglobin largely depend. 

In all experiments there is evident a reduction in the site of the erythrocytes 
This has also been reported to follow the mjection of blood serum mto dogs (27) 
It IS possible that in the expenments mentioned above (4) beyond the error of 
tho method of calculating erythrocjde volume the shrinkage of the cells may 
account for the apparent decrease in total volume 

Sedimentation of erythrocytes was mcreased by all gelatin fractions The 
acceleration of sedimentation was the same for the 29,000 and 36 000 molecular 
weight fractions at 1 and 4 hours and the 50,000 molecular weight gelatin at 
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4 hours The acceleration uas somewhat greater for the 50,000 molecular 
weight gelatm at 1 hour, and much greater for the 69,000 molecular weight 
gelatm at 1 and 4 hours These compansons are not essentially altered if the 
increase m sedimentation is calculated per gram-mdleculer concentration m 
plasma 



Fio 2 The HxtAnoa or Retemiov of Gbeatin m the CiBcuLinov 4 Hotfas afteh 
I srecnoK TO the Molechlab Weight 
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64 
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72 
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93 
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90 
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335 
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73 

82 

66 
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Artenal pressure usuallj rose dunng the injection, and slowly returned to the 
control level The greatest rise was 40 mm Hg There was no correlation 
between the degree of rise and the gelatm fraction 

One dog (no 14) succumbed following the mjection of the high-molecular 
weight fraction \bout 20 nunutes followmg the injection, respuation became 
labored, artenal pressure began to fall Death occurred 34 mmutes after the 
mjechon, at which time blood was taken by cardiac puncture for the analyses 
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reported The plasma volume at this tune -was calculated by the ‘indirect” 
method and is probably too high Post-mortem examination revealed mlTd 
diffuse late bronchopneumonia. There was much atelectasis and a number of 
alveoli and bronchioles contained eosin-staining fluid Although the dog had 
bronchopneumonia, his appearance and control observations were normal, 
and his death was probably the result of the injection 

We are indebted to Miss R, Shore for the Kjeldahl determinations 

SUIOIART 

From a bone gelatin average molecular weight 60,000 fractions were prepared 
with average molecular weights of 29 000 30,000 and 69 000 by olcohohc 
precipitation. Solutions of these gelatines isoOamotio with dog blood plasma 
were injected rntravenously in normal anesthetized dogs m a volume of 26 cc 
per kilognun, or an average of 63% of the control plasma volume Retention 
of gelatin and of fluid m the circulation over a 4-1101^ period varied directly 
but not proportionally with the molecular weight. Retention docs not morease 
markedly with increase ra molecular weight above 60 000 Bi extrapolation, 
a fraction of this gelatm with average molecular weight of 26 000 or leas can 
be expected to show little retention. 

The fraction of injected gelatin excreted in the urine in 4 hours varies inversely 
with the molecular weight 

No reduction in total circulating plasma protein followed the injection of 
gelatin except m one experiment with the hi^ molecular vrei^t fraction. 

None of the gelatin fractions reduced the amount of total circulating hemo^ 
globm All of the gelatm fractions caused some shrinkage of erythrocytes 
Sedimentation of erythrocytes was increased by ail gelatin fractions most 
extensively by the high-molecular wmght fraction 

Oneanimal succumbed following the rajection of hi^ molecularwelght gelatin 

refehences 

1 WxTEu E T CautditsMod. Amo J 46 305 1041 

2 Qobiwh H Hook L. J axd Lawsov H An J MmL Sd 204 4, 1042. 

8 Itt a O GaaDTOAM H Srenr I F OeODur* F B Aim Dcntw D P Surf 
Qyneo snd Obtifli 76 1 1043 

4. linTi.B J M AKC DijcBBOir J T Am J Physiol 119 438 1013 
8 Kiamsao W RxuiiraToif J W ErzBsoia W J Omiujr R. B axd BviNOLii 
W W Am. J FhyiioL 140 107 1 048 

0 PAJOcurB W M. Eoor 0 E EiraBi., C Vau H. M ajtd Lockwood J 6 Ann. 
Sots us 103 1943 

7 Eoop C E Flstoheb A Q Jk. IliKoaL, C akd Lockwood J S Barseiy 16 

630 1044 

8 Holt J P AirDEirorpm.,? K. J CUd loToat 23 057 1044 

9 SiOHBK, R. AWD MotiuAinr H Hdr Cblm Aet&, 24 1053 1041 

10 liiKPATOW S M. Awa PcTiLoirA, I K KoU Zts^r 71 83 1035 

11 Law»ok H- akdRiwh W 8 Am J Phjrtlol 140 431 1043 

12 Nokthbop j H AKoKowm £1. J 0«n Fbjtiol 10 161 1037 

13 Hepf 0 ZtBohr f d gos exp med 09 709 1036 





194 


P K KNOEFEL AND GERHARD LEHMANN 


14 ScATCHAHD, G , Onclet, J L , WiLUAUB, J W , AND Bbown, A , J Am Chem Soo 
66, im, 1944 

16 Ma, T S , AND Zraiaoa, G , Ind Eng Chem , Anal Ed , 14, 280, 1042 

16 Patton, A R , J Biol Chem , 108, 267; 1036 

17 Mactarlanb, "W D , and GtreeT, G H , Canadian J of Research, 17, 130, Section B, 

1030 

18 BtTLL, H B , J Am Chem Soc , 66, 1400, 1044 

10 Green, H D , et al , Am J Physiol , 140, 177, 1043 

20 Wennebeand, R , Acta Phj siol Soand , 1, 40, 1040, 2, 19S, 1941 

21 KnirwANEK, F W , and Evebb, K , Aroh f d ges physiol , 238, 780, 1937 
Chapin, M A , and Robb, J F , Am J Physiol , 187, ^7, 1942 
Robinson, H W , and Hooden, C G , J Biol Chem , 140, 863, 1941 
Van Sltkb, D D , and Haipkins, J A , J Biol Chem , 79, 739, 1928 
CoDBNAND, A , ET AE , J Chn Invest , 28, 401, 1944 
Pahbetjb, R , Physiol Rev , 9, 241, 1^ 

Metoadt, W , J Chn Invest , 33, 403, 1944 



ACUTE TOXICITY OF THIOUREA TO RATS IN RELATION TO AGE, 
DIET, emiAIN AND SPECIES VARUTION* 

BALLY H DTKKK ajtd CURT P RICHTER 

PtfduAtde^eal LaimalinTi PMpptPtyektalricClinie^JehTuBophiTuHotpitai BaWowr# 
Alanrlaiui 

Reeeired for poblfc&Uoa Jasuaiy 3 1M5 

It 13 only in the laat few years that evidence indicating a high, acute tariaty 
for thiourea has been published Houben (1) Burv^dng the hterature m 1930 
reported lethal doses of 10 grams per kgm for frogs and 4 grams per kgm for 
gvdnea pigs* He stated that 2 grams per kgnu, mtravenously was not fatal to 
dogs while 2 grams subcutaneou^y or tntravenou8l> caused only sh^t distur 
banco to rats Pohl (2) In 1004 worked with doga, cats and guinea pigs, and 
reported that thiourea was “completeSy non kcdc Bmet (3) tDed a 'young 
rat (weight 120 grams) by injecting Udourea, but the dose be gave amounted to 
5 grams per kgm Flinn and Geary (4) found that 10 grams per kgm killed GO 
per cent of a group of rabbits (when given by stomach tube m aqueous solution) 
while 1 1 grama was required to kill 100 per cant These authors stated that sub- 
cutaneous Injections of the same doses (per kgm body weight) into rata showed 
parallel results 

HaxtxeU (5 6), while studying chronic thiourea poisoning with rats fed 27.5 
mgrtu per kgUL dally to 30 rota over a period of 63 weeks all survived with normal 
growth curves On the other hand he found that the injection of 76 mgnn mto 
the tail vem of a rat (wei^t not stated) killed it m lees than 48 hours. 

More recently Astwood and ha co-workers reported (7 8) that feedmg adult 
rats doeee of thiourea up to 2 grama per day was not lethal over a ten day penod.’ 
Opposed to thu was the observation of MacEenxie and MacKense (9) that of 
24 adult rata given access to a stock diet containing 1 per cent thiourea, 22 died 
over ni^t. These authors found, however that wcanlmg and immature rata 
survived doses up to 60 times as much (on n wei^t basis) as would loll an adult 
rat 

It had been observed in thu laboratory that thiourea was of approximately the 
same high toziaty to rats as we bad reported for the related compound phenyl 
thiourea (10) Both drugs produced symptoms of pulmonary edema and pleural 
effusion (as noted by MaoKenne and MacEenxie (9) and Binet (3) for thiourea) 
which are probably typical for all mono-subetituted thiourea derivativee 

Ruling out the effect of age as a factor In the susceptibility of rats to thiourea 

* The work deteribed in thle paper wu dona under a contract reoocmrvended bj the 
Committee on Medical Reaeareb between the Office of Sdentifio Reaeareh and De^op- 
ment and the Johns Hopkins Unireraity 

* Dr Astwood infonns us (prirate commoniention) that ponibly the doee was 300 mfm 
per daj instead of 2 crams This lower figizre would be more eonsistent with our results 
(rids infra) altbongh of eotnaa onlj the initial dose is ticnlfleant for our purpoae since 
larfe tolerances to thiourea are rather rapidly acquired by rats 

10 $ 
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poisonmg, there reama two mam variables which might underlie divergent find- 
ings such as mentioned above One is the strain or speaes of rat used, and the 
other is diet This paper records work on stram and species variation in response 
to acute thiourea poisomng, together with some prehmmaiy observations on the 
effect of diet and an experiment confirming the high resistance shown by young 
rats 

ExPERijiENTAn DETAILS We had at our disposal four lands of rate, three 
strains of Nonvajs {Ratlua norvefftcua) and one of Alexandrme rate (R raUm 
dkaxmdnnua) 

1 Rats from our colony (herem referred to as "Hopkins”), most of whose fore- 
bears were albmos purchased 23 years ago from the Wlstar Institute Around 
1928 several dozen pigmented rats from Dr E V McCollum’s colony m the Johns 
Hopkins School of Hygiene were added these rats had been mbred smce 1917 
and came ongmafly from three sources, namely albmoe from the Wistar Institute, 
“yellow” rats from the Bussey Institute at Harvard, and black pied rats from an 
animal fancier m Wisconsm Our stock now consists of black and black hooded, 
tan and tan hooded and albmo rats m about equal quantities 

2 Rats from Dr E B Astwood's colony m Harvard, the same as used m his 
studies (7) (8) (herem referred to as “Harvard” rats) This stock was obtamed 
from Dr R 0 Creep m 1939 and stemmed from a colony of Long-Evans rats 
maintamed at the Squibb Institute for Medical Research Most of these rats 
were brown, resemblmg the wild Norways m appearance, while the rest were 
brown hooded, black or albmo 

3 Wild Norway rata trapped m the streets and sUeys of Baltimore by the 
Baltimore City Rat Control office These were uniformly brown with tan or 
grey belhes 

4 Wild Alexandrine rats Some were trapped m an office buildmg m Balti- 
more and the rest were shipped to us from Gamesville, Flonda, where they were 
trapped by Mr H J Spencer of the Fish and Wildlife Service These were 
smaUer rats with typically larger ears and longer tails than Norways, m color they 
were brown or black with grej , white or occasionally yellow belhes 

To determine the acute toxiaty of thiourea*, the drug was administered sunul- 
taneously to groups of adult rats of the four different kinds, by mtrapentoneal 
injection m ohve oil suspension* The results are therefore strictly comparable 
among each other, although the use of another medium can lead to different 
values for the median lethal dose, due probably to a change m rate of absorption 
(for example, compare values for adult "Hopkins" rats m table l—olive oil— and 
table 3 — aqueous solution) 

To handle the wild rats without the aid of drugs or anaesthetics use was made 
of the Emlen sock (11), a slender cone of spaced mres terminating at the smaller 

• The product used vras Merck's Thioures “pure " 

* A. suspension was used rather than an aqueous solution duo to the large dosage range 
covered (1 0 to 4000 mgm per kgm body weight) To give a gram or more in 

would necessitate the administration of more than 12 cc of fluid, which was considered 
uadesirabie 
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end m a matal ring at the larger m a cuff of cloth or knitt^ fabrio throu^ which 
the rat entera In this device rata can be readily weighed, held unmchDe for 
injection and then returned to their cages 

Eoplona’ rata receiving fatal or near-fatal doece of thiourea exhibited some- 
times in as httlo aa 15 minutee symptoms of dyspnea, usually devdopmg rdles as 
the poisoning progressed They eat bunched in thdr cages, eatmg and drinking 
little Death occurred frequently but not always m oonvulsions 'Harvard 
rats, cm the other hand, seemed to outward appearance to be httlo affected by the 
drug, althou^ m a series of these rata receiving 40-60 mgm per kgm and sacri 
heed at 1, S 7 24, and 48 hours pleural effusion was found in every one, and 
edematous lungs in all but those killed at 48 hours The wild Korways and Alex 
andnnes appeared depressed but exhibited no dyspnea and usually died quietly, 
someiimee after considerable time m a comatose state 

Histologieal sections wer e made of moet of the lungs and microscopic examina- 
tion determined the existence or absence of edema AH diseased lungs were 
discarded at the same tune. 

At autc^jsy the oharactenstic findings after aente thiourea poisoning were pul 
monary edema and pleural effusion Aa an indication of the severity with which 
the drug affected the vanoua rats it was a simple matter to measure these two 
effects cjuantitativdy The pleural fimd was drawn up into a graduated synnge 
and read m cubic centimeters, while the increase m weight of the lungs provided 
as good a measure as any for edema fluid (according to Wood and Moe (12)) 
Accordingly the pleural effusion observed m all rata succumbing to the drug was 
recorded m cubic centimeters per 100 grams of body weight. Likewise m each 
case the percentage lung weight was compared to a figure for the nonnal percent- 
age lung wei^t 

By addmg to the figure for average pleural effusion the average increase m lung 
weight (dettfdty Uf edema fluid assumed to be 1 which is probably sufflaently 
accurate for our purpose) a value for the total exudate was obtained which fur 
nished a basis for comparison of the seventy of the toxic effects m eadi group of 
rats 

EtTECT OT BTRAIN AKD BPECTEB VABIATION, Aim CHAKQES DUB TO DIET The 
results are given m tables 1 and 2 Hie LD 50 s and thor standard errors were 
estimated by the method of Litchfield and Fertig (18) It will be seen that a 
large vanation m 8usceptibnit> existed between the three strains of Norway rata 
even when all were fed the same diet, whereas the difference in response between 
the two spedes of wild rata (wfldNorways and Alexandrines) was not appreciable 
Maintainmg the wild Norways on our stock diet for a penod of three to four weeks 
did not significantly lower the U) 50 from the value for thoee rats used right off 
the streets Le after being m the laboratory during a recupemti\ e period of not 
more than 4 days For Harvard rats however the change from Fox Chow to 
our stock diet for one month or more produced an almost fifteen fold increase m 
Busceptibihty 

The quantitati> e vanation found in toxic effects is shown in table 2 which sum 
mariiee the data for survival time pulmonary edema and pleural effusion pro- 
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duced m those rata of table 1 vfhich died as a result of the poisoning The total 
^^udate m "Hopkins” and "Harvard” rats came out about the same, even for the 
"Harvard” rats fed Fov Chow, (which had so much greater resistance) It was 
^ shghtly greater m the wild Norways fed our stock diet than m those from the 
street, while there was probably none m the Alexandrmes (note normal lung 
weight IS here greater than poisoned lung weight, only 3 of the 18 Alexandrmes 
were found to have any pleural effusion at all) 

TABLE 1 

Acute toxtctly of thiourea to adult rats 

(adnumstered iDtrapentoneally m olive oil Buspenaon, no sex difference observed, about 
equal numbers of males and females in each group) 


irttrtAKOJfO tATSUStD 

eZHD or KATt 

BODY WEIOHT 
(AVtMAOE AHO 
mAinxr} 

■mo: OR mrr 

LDSOdb « E- 

I RATIO 
ortD 
508 

Stock diet * 

32 

“Hopkins’’ 

traas 

260 (172-402) 

Since weaning 

ficr 

4 0 ±0 2 

1 

18 

“Harvard” 


1-6 months 

44 ±13 

11 

18 

Wild Norway 


3-4 weeks I 


335 

24 

Alexandrine 

■gfWBSSSM 




Purina fox ohowf 

10 

"Harvard" 

! 

303 (234-396) 

Since weaning 

640 ±191 


Normal forage for 
city rats (4 days 
yellow com meal 
after trapping) 

22 

Wild Norway 

346 (194-438) 

Since weamng 


458 


* Graham flour 72^, crude casein 10 0, skim milk powder 10 0, butter 5 0, calcium car 
bonate 1^, sodium chloride 1 0 This mixture ad bb , supplemented once weekly with 
lettuce 

t Guaranteed Analysis Crude protein not less than 20%, crude fat not less than 3%, 
crude fibre not more than 6%, nitrogen free extract not lees than 46% Ingredients wheat 
germ, dried slammed milk, animal liver meal, brewers’ dried yeaat, barley malt, fish meal, 
meat meal, alfalfa meal, com gnts, soy bean oil meal, cereal feed (from com and wheat), 
molasses, dned beet pulp, riboflavin supplement, vitamin A and D feeding oils, 1% ateamed 
bone meal, 1% iodised salt 

ErfECT OF AGE To determine the effect of age on susceptibihty thiourea was 
administered to 33 of our own rats ("Hopkins") ranging from 15 to 62 days old 
Doses up to 800 mgm per kgm were administered by mtrapentoneal injection, 
mostly m aqueous solution (because the size of some of the rats made it necessaiy 
to use a smaller needle than that required to inject ohve oil suspensions) The 
expemnent is summaiited m table 3 It will be seen that whereas adult rats are 
hkelj to die following doses of 1 5 mgm per kgm or higher, suckling rats could 
survive 800 mgm per kgm without harm (Group C) 200 mgm. per kgm was 
somewhat toxic but not fatal to 29 day old rats (Group E) as evidenced by a 
weight gam m 4 days of 10 grams against 16 for the rata m Group D receivmg half 
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as much drug Three of the 37 day old rats died following dosea of 400 and 800 
mgm per Icgm (these were the only fatalities in the whole experiment), while all 
the 47 day old rata receiving 100 and 200 mgm per kgm- lived althou^ those m 
Group I exhibited an average wd^t lose of 16 grams m 4 daj s Group K ahows 
that even at two months of age rats couM survive 400 mgiTL per kgm or more 
than two hundred times the dose fatal to adults 
This particular experunent was not continued above two months of age but 
among the 16 adults also receiving thiourea in aqueous solution wore rats as 


TABLE 2 

Toxic tipnpUmiM pnduotd bp aevU lJUourtc pcitomnp 
(daU dven for thoM raU of Table I whleb died) 


1*0. Brm 

xtn or 
un 

1 VlTil 

Tna 

VnCEVtMB 
lurriAL nnuu* 
UmMW AMS 
uurasi 


■DUUl. nUDrZAK 
unro wcuit 
UTxuazAm KAjrax) 

tOtAlt 

KX9- 

MTX 

Block diets 


inn 

a.% 

r«% 

r«jw% 

« % 

22 

‘Hop- 

kini 

1-tO 

1 0 (D 1-3 6) 

lAl (0A6-3 70) 

0^ (0A6-U6) 

2 6 

18 

•Har 

vard'* 

1 8-70 

1 6 (0 4-4 0) 

1^ (0 61-2M) 

[0 S«J 

(041 

10 

WUd 

Norway 

8 -73^ 

1 

0 6 (0-16) 

1JJ3 (0 72-1 46) 

0^ (0A6-1^) 

0 7 

18 

Purina fox 
ehow 

Alex 

aadrioe 

3 -Ti^ 

0 03 (0-0 2) 

045 (Oi'-O 70) 

1 

0 75 (0 A6-1 19) 

? 

8 

Normal for 
age of wild 
oty mis 

Har 

vard 

13-60 

2 7 (3 0-3 8) 

1 16 (1 05-123) 

10 S«1 

(301 

16 

WUd 

Norway 

17-40 

0 2 (0-0 7) 

0 92 (0^1-128) 

0B7 (0A5-1J7) 

0 25 


Determioed by weigblng the luofi of healthy rati kiUed by breaUnc the eemeal ipiiM 
with pllen S5 Hopldna, 4fl 'Wild Norway aod T’ Alexandrine* were uaed ‘Harv^ 
rata lunct anomed to be lotermediate In weight between 'Hopkin* and Wild Norwayi 
t Calenlated aa avenge pleural edusloD plo* avence pereentace lung weight let* aver 
age normal lung weight 

> oung as 8 months of age all of which exhibited the hig^i susceptihfhty typical of 
adults every rat m this lot recdvmg 1J5 mgm per Lgm, or more died It is at 
three months of age that the rats of our colony are considered sexually mature 
therefore it seems likely that the great drop in resistance occurs at the same time 
aa the onset of puberty 

The rats in Groups A and B were from the same htter and wore returned to the 
mother after injection There was some leakage of the dose in Group A which 
recel^ ed an ohve oil suspension throu^ a #19 needle (all subsequent mjections 
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were made m aqueous solution with a « 27 needle) The mother rat must have 
hcked her young, because next mommg she was found dead with typical symp 
toms of thiourea poisomng while all six young were alert and healthy That the 
mother did not obtam the drug from the urme of her young was mdicated m 
Group C these rats were separated from their mother for 30 mmutes after mjec- 
tion and washed off and dned before bemg returned to the nest This mother 
showed no evidence of poisomng, the same was true of the foster mother given to 
the 6 rats of Groups A and B 

Discussion That so wide a variation m response to thiourea should exist 
between wild and domesticated rats, or rats of different species, is not so suipns- 
mg, but to find rate from one colony of domesticated Norways 160 times as sus- 

TABLE 3 

Influence of age on acute toxicity of thiourea to “Hopkins" rats 
Administered intrapentoneally in aqueous solution (except for Group A) LD 60 to 
adult "Hopkms” rats under same conditions — 1:25 rfc 0 25 mgm per 16 rats used, 
weighing from 188 to 360 grains 


CTOOT* 

AO£ 

DOSE 

AVEXAOE 
WEIGHT 
or EAT8 

NOTES 

A 


ftr ktm 

100 

irdw 

23 

Survived 

B 


200 

23 

Survived 

C 

17 

800 

27 

Survived 

D 

29 

100 

62 

Survived av wt gam after 4 da = 16 grains 

E 

29 

200 

64 

Survived av wt gain after 4 da — 10 grams 

F 

37 

400 

92 

2 died in 3^ hours with i3 and 3^ oo of pleural 

G 

37 

800 

88 

effusion respectively, other survived 

1 died in 3 6 hours with 3 4 oo of pleural effusion, 

H 

47 

100 

123 

other two survived ' 

Survived av wt gam after 4 da •> 7 grams 

I 

47 

200 

119 

Survived av vrt loss after 4 da *■ 16 grams 

J 

62 

60 

140 

Survived 

K 

62 

400 

142 

Survived 


• Three rats in each group 


ceptible as those from another is remarkable If adult rats can differ so much 
among themselves, it seems mdicated that even greater caution should be used 
m applymg the results obtamed with rats to hu m a n bemgs The standardization 
of diet for stock laboratory rats seems also mdicated, smce the change from one 
presumably complete diet to another m the case of the “Harvard” rats caused 
such a large shift m toxicity 

It may be that had the wild Norways been mamtamed longer on our stock diet 
they too would have exhibited a defimtely lowered resistance On the other 
hand a longer penod m captivity would have brought m other factors, namely , the 
extensive adaptations mvolved m domestication The wild Norways used m 
these studies were bold, fierce animals, with cunnmg and resourcefulness which 
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made the hwndimg of each one an adventure The Alexandrines were usually 
more timid but eztremdy agile wlule the two domesticated strains ( 'Hopkms 
and ‘Harvard ) were very gentle offering no impediments to bare hand man 
ipulatlon 

It is probable that the wild rata have a considerably bi^r basal metebc^o rate 
than the domeetlcatcd cmea Anatomically, wild Norwaya have been found to 
differ from our domeatic stock m having adrenal g^ds averagmg three to five 
tunes heavier (14 oi also Donaldson 16), and most of the wild Norway rats 
autopeied m this laboratory had no retro-pentoneal fat m contrast to the large 
amoimta of fat found in this region m our domestic rats 

Studies on the metabolism of thiourea, m man by Modes (16) and m rabbits by 
Blood and Lewis (17) Indicate that the drug Is excreted In the unne within 48 
hours probably m unchanged forro,* with positive tests for thiourea bdng dh- 
tamed m urme collected 1 hour after administratiom In agreement with this, 
wo have observed that laboratory rats surviving 48 boure only occasionally sue 
cumb later, the large majority dying withm 26 hours. 

'When given m &ub4etbel doses over a period of tnne, thiourea has been found 
(7, 18) to produce diromc symptoms of lowered basal metabolic rate and thyroid 
hyperplasia together with the appearance of thyroid ecteany cells in the pituitary 
gland. When, however the poisoning is acute and the anunal dies m a few hours 
there Is no tune for such symptoms to appear the cmly changes obeerved are those 
resulting from mcreesed permeability of the pulmonary blood vearels and leading 
to pulmonary edema and pleural effasion. 

We migb^ postulate, therefore, that the greater resistanee to thiourea of one 
strain of rat as opposed to another Is due either to a difference m blood vessel per 
meabdity or to superior lymph drainage. There is however, still the question of 
diet to ^ completdy investigated perhaps a change in the proportions of the 
various mgredients or the presence or abeence of scene as yet unidentified factor 
may make the difference. In this connecticsi it is interesting to consider the 
ob^rvationa of Hoskms Bloxham and Van Ess (19) who found thiourea to be 
lethal to flesh fly larvae as it is also to clothes moths but r^tivdy noQ*toxio to 
leaf eating insects. 

An explanation on the baais of increased protein in the diet may cover the strain 
variatian, but it does not seem very likely that It would also explain the age 
variation m a given strain. Why sudi a large age variation should exist wo have 
as yet no definite idea. 


bouuabt 

1 In acute thiourea poisonmg the median lethal dose, when administered 
under identical conditions vaned greatly from one land of rat to another It 
was 4 mflUgrams per kilogram for tame Norway rate from our colony 44 for tame 

*PohI (3) vUted that * very mull fraction of tbs thioare* aHmIrHrtered was eoarerted to 
either methyl or ethyl nlflde detectable in the expired air by a aarUe4i]ce cmelL We hare 
obaerred thli cmell on the breath of one rat ehronloally polaooed with thioorea, and under 
■land it has also beta detected In patients recelrlnf thiourea aa medication. 
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Norway rate from Dr E B Aetwood’e colony at Harvard, and more than i200 
for wild Norway and ivild Alexandrme rate, when all were being fed our stock 
laboratory diet , 

2 When Dr Astwood’s ra L a ere raised and maintained on Piinna Fox Chow 
they showed greater resistance to thiourea the median lethal dose became 640 
miUigrame per kilogram compared to 44 Little difference was observed, how- 
ever, between wild Norway rate which had been eatmg their normal forage out- 
doors and those fed our stock diet three or four weeks 

3 Dr Astwood’s rate and our own exhibited pulmonary edema and pleural 
effusion as the mam toxic symptoms The wild Alexandrme rate showed little or 
none of either symptom The amount of both of these effects was shghtly m- 
creased m wild Norway rats by feeding them our stock diet 

4 Sucklmg rats and w eanhng rats up to 2 months of age from our own colony 
withstood doses of thiourea between 200 and 400 tunes as high as killed adults of 
the same strain under identical conditions 
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THE PHARMACOLOGICAL BEHA\HOR OF SOME DERIVATIVES OF 
SULFADIAZINE 

H. B TAIC Dtxb > NATALU A TUPIKOVA » BACX)N P CHOW akd BL A WALKER 
Prom LAf /ruU{ut« /or Vtdicot A«MarcA Brvnmnoi; A J 

BoMlred for pabUeaUoD Jftoaary £ 

In investigating sulfonaimdes aa ohoroothorapeutio agents in non-baotenal 
diseases we had occasion to examine the pharmacological behavior of a number 
of derivatives of sulfadianne • Since the methods were kept os uniform as 
poasible, we believe the data to bax*© value in fllustrstmg the many unpre- 
dictable nhftngp* which occur m absorption, persistence in the blood degree of 
acetylation, tendency to combine with plasma albumin and sdubUity when 
suhctituents are mtroduced into one or more of positions 4 6 and 6 of the py 
rimidmo ring These data are the eublect of this report. No drug of the 
series proved to be superior to sulfameniiino as a ohemotberapeutio agent in 
experimental bacterial diseases when all the factors just mentioned were taken 
into account* 

SofwbtlU; d<t*rminalton$ Th« tolobiUtj of both the froe atdd* aixl thdr N^-acetyl 
derivatlTM iaO .00 M phospbete baffer »tpB 6AaDd 37 C wudeten&lned The aznouat 
of dniE present wm s^atured by the method of Brattoo end Menhell (1) Duplieete 
tube* eonteioing an exceea of drag In rapenaloo were tlfraj* need In one tnbe a utn 
rated aolution of the drag at 45 0 was i^e In the other aatnratton waa eompleted at 
room temperature both tube* ware than rocked eondmioiiilT at 37 untD the eonoentra 
tlon of drug in vai the same Tbui eqaBlbrlntD wu estahlbhed from both the super 
satarated and the undarsaturated states Despite a number of experiments there were 
two Inetanees [free add of drag 14 and acetjl body of drag 21 (table 1) ] in whleh the agree 
meot between the two tubes was onsatisfaetory 

ifrantrsmsnl of prots/a 5{ndfn^ The sodium salt of the drug being exa mined waa dis 
solved (a) in the solution of ran Dyke and Haatisgs (2) and (b) in the same sdution con 
taining 8 per cent human plasma albumin Tbe only protdna contaminating the albumin 
were ^obulina which represented leas thanl per cent of tbe total protefn Ideutieal eonoen 
trationsofdnig equlralenttolOmg per cent of sulfadiasine ware always present initially 
In each solntioiL. Both solutione eonUioed phenol red as an indicator (0f)0075 per cent) 
and were equilibrated with a mixture of 5 per cent carbon dlocdde and 05 per cent oxygen 
until the pH was 7Ji5-7 45 Seven ml of solntion (b) wen rapidly pipetted Into a 
snugly tied length of Wlsoose sausage casing which also contained a marble nearly of the 
diameter of tbe easiag The sausage easing was immersed in 15 ml of solution (a) In a 
^asi tube throng an opening of one end of wliieb the COrOt mixture was bubbled for 6 
minutee longer to ensure a proper teosioa of CX>i and the malntenanee of a pH of about 

^ Present Address Tbe Department of Pharmsoology The College of PhytieUns and 
Surgeons Columbia UniTorsity New Tort 

■ All the w drags of this series were syntbesited in the Division of hledidnsl Chemistry 
of this Institute under tbe dirsetion of Mr W A. Lott Cbemloal aspecte of this work will 
be published elsewhere 

• The ehemotherapeutlc lovesUgation of these drup In baetedal iufMtions was made 
under the direction of Dr Q W Ral.e In the Division of Microhiology and will be reported 
eleewhere 
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7 40 The tube n-as then tightlj etoppered and locked mthont interruption at 37“C The 
marble gently stirred the protein solution continnonaly EquDibnum n-as /ound altrays to 
ha^-e been established after 17 hours At the end of equilibration, after solution (a) had 
been shown to be protein free, sulfonamide was determined in both solutions at a dilution 
of 1 to 200 The per cent sulfonamide bound is crpresaed in terms of wafer present in each 
solution, eolation (a) contained 99 per cent water and (b) contained about 96 per cent water 
In the actual calculation the difference between the concentration of sulfonamide in the 
water of the solvent containing protein (B) and in the water of the external fluid (A) divided 
by B and multiphed by 100 represents the "percent sulfonamide bound ” At least dupli 
cate detenmnations were always made and the values given in table 2 are behered to bo 
accurate to ±4 per cent (e g drug 1 could be 28-36 per cent bound) however, the usual 
agreement among repeated experiment was ±2-3 per cent sulfonanude bound 

ifetabohsm studies All determinations of free or acetylatcd drug were made by the 
method of Bratton and Marshall (I) with slight modifications The photo-electric color- 
imeter of Rosenfeld (3) as he has later modified it was used and its sensitivity was great 
enough so that 0 02-0 04 ml of mouse tail-blood was sufficient for a determination 'When 
ever possible, the final dilution of blood or plasma, after the addition of tnchloroacctic 
acid, was 1-200 , lower dilutions had to be employed with low concentrations of drug The 
drags were determined in the whole blood of mice and in the plasma of monkeys Plasma 
was preferred since the penetration of these heterocychc snlfonamides into eiythrocytes is 
variable and much leas than that of sulfamlamide 

The desirable chemotheraiieutic and metabolic characteristics of sulfameraiine led us 
to adopt this drug as a standard for compsnson with the others All the drugs were ad- 
ministered by stomach tube as aqueous solutions of sodium salts in a dose of 0 15 miUimols 
per kdogram body weight (e g 43 mg sodium sulfameraiine dissohed in 25 ml water per 
kg mouse or in 5 ml water per kg monkey) A number of control experiments indicated 
that the peak blood or plasma level in both mice and monkeys occurred 2 hours after ad 
ministration provided that food was withheld before the experiment As a result of control 
experiments not reported here in detail, the pcrsistance of these drugs in the mouse was 
determined 24 hours after admimstration 

The peak concentration of drug in monkey plasma appeared 2 hours after administra- 
tion , Repeated determinations at 2, 4, 6, JO and 24 hours demonstrated that the 30 hour 
plasma levels furnished a satisfactory measure of the persistence of free drug in the monkey 
and that 6-hour plasma levels appeared to be rehable to determine the degree of acetyla 
tion 


Resitlts Solubility studies Table 1 lists tbe structures of the various 
Eulfapynimdines investigated as well as the solubdities of the free acids and 
their NA acetyl denvatires at pH 6 5 and 37®C These compounds maj be 
tabulated m a vanetj of orders, the order adopted, which maj not conform to 
what many chemists would hax e chosen, is beliex ed to be useful for comparing 
related compounds All concentrations are expressed m terms of free sulfa- 
diazine and were detenmned at least twice when, after repeated teste, the con- 
centration of drug present was the same both m suspensions mitiallv 
saturated (room temperature) and m those mitiallv supersaturated (43 C ) 
The formula of sulfadiazme and the sjstem of numbenng are 


HiN/ NsOiNH- 


H 


3K C4 



H 
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The effect of methyl substituents on eolubihty has been studied by others 
oompaiing sulfadiazine, 1, sulfamonuone, 2, and sulfametbasme, 3 We have 
studied, m addition to these the 4-5-6 methyl derivative 4 whkh m the least 
soluble of the four, its acetyl derivative has a particularly low sohibflity Un 
fortunately the 6-inethyl dorlvativo could not be made However, the insertion 
of a methyl ethyl methoxyothyl or cthoxyethyl group in the 6 position, when 
positions 4 and 6 were occupied by other allphatio radicals led to a reduction 
of the solubilitj of both free acid and N* aoetyl denvative althouf^ there was 
no apparent consistency in the extent of diminution of sohiblhty of free aad as 
compared with aoetylated compound (of 3 and 4 6 and 7, 10 and 20, 27 and 28, 
0 and 30 end 6 and 17 m table 1) It appears likely that the alipbatjo groups 
in poeitiona 4 and 6 can also be important in determining the influence of a sub- 
stituent in podtion 5 on solubility since a 4-R, S-methoxy 6-R' compound could 
be more soluble (cf 34 and 86) or less aolable (cf 36 and 38) than the unsubeti 
tuted 4-11, 6-H,' compounds however, the N* acetyl denvativee in both in 
stances were leas soluble after the addition of a S-methoxy group 

If podtion 4 was oecuped by an allphatio group and a methyl group was 
added m podtion 6, the adol^ty of free add and acetyl body was nearly always 
increased (the acetyl body of oompound 9 la an exception, of 2 and S, 5 and 6, 
8 and 0, 10 and 11, 13 and 14 18 and 19, and 23 and 24.) Free and acetylated 
compoimds might be more soluble (cf 2 and 3, 18 and 21 free acid only, and 18 
and 83) or less soluble (of 5 and 27 and 8 and 31) when the same aliphatio group 
was In the 4,6 positions instead of in the 4 position only Ihe free adds of 
cempounds of the type 4-R, d-R' were coDsistentiy more sduble tbim the shnpler 
4-R compounds (cf 23 and 25 23 and 20 13 and 34, and 13 and 36 ) Ethyl 
mercapto compounds (40 and 41) were remnrkaldy insoluble. 

Since the majonty of these compounds are aoetylated in the course of metab- 
olism, the relative sohibOities of free add and acetyl denvative are of oonaider 
able interest. In 3 instances both had the same sdubiflty, in 16 comparisons 
the free aoid was the more soluble whereas in the other 20, this was true of the 
acetyl body 

How Bohibility is rdated to the dissociation of theee compounds as adds is 
unknown The pKa values of a few are known (4) and theor solnbUities as 
determined by us were 


nM 

pX*(l) 

WtenUTTAJ 

AT pB U AX oro. 

BolfftdiuIiH 1 

0 48 

1 30 

8nl£«meruine 3 

7 06 

1 64 

Bolfathlaiole 

7 13 

6 20 

Bolfftjnsthaxina 8 

7 87 

3 00 


It is evident that there is no simple corrdatioD of solubQity with the pKo. It 
18 also evident that it would be desirable to determine the sdubility of all com 
pounds at vonous hydrogen ion ooncentmtions at which the dissociation of the 
compounds would be so low as to make the measured sdubility that of the un- 
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dissociated molecules, or so high as to make the measured solubihty that of the 
ions 

MeasuTements of protein binding The methods of makmg these measurements 
and of calculation have already been descnbed The data, which are hmited 
to a study of the non-acetylated acids only, are presented m table 2 Three 
of the noh-acetylated acids, 10, 28 and 41, were so insoluble even at pH 7 4 
that observations could not be completed About o‘oi mM of sulfonamide 
was bound by one gram of albumin when 60 per cent of the sulfonamide ong- 
mally m solution was bound under the conditions of these experiments 

By companng tables 1 and 2, the reader can convmce himRplf that there is 
no correlation between solubihty at pH 6 5 and the apparent bmdmg of these 
sulfonamides by human plasma albumm at pH 7 4 The addition of one or 
more methyl substituents seemed to be accompamed by mcreased protein- 
bmdmg (cf 1 with 2, 3 and 4), but this was not necessarily the case if the 4 
position was already occupied by another group (cf 6, 6 and 7, 8 and 0, 13 and 
14, and others) A comparison of drugs 6 and 27, and 8 and 31 suggested that 
the same substituents m the 4,6 position led to a greater bmdmg by protem 
than wrould have occurred if only the 4 position was occupied, however, this 
was not true of all ahphatic groups (cf 2 and 3, and 13 and 33) To what extent 
specific groups alter the degree to which denvatives of sulfadiazme are bound 
by plasma albumm is difiScult to decide from the available data However, it 
is clear that the replacement of even one hydrogen atom by an aliphatic radical 
m position 4 of the pynmidme nng of sulfadiazme will probably lead to an 
mcreased bmdmg of the sulfonamide to albumm It is likely that specific 
groups rather than number of substituents greatly influence further changes, 
if any, as the hydrogen atom of positions 6 or 6 or both are also replaced (e g 
compare 2 and 3 with 5 and 27, and 8 and 31) 

So far as studies of identical compounds are concerned and the differences 
among methods are taken mto account, the results are m general agreement 
with those of other authors (5, 6, 7) GiUigan (7) concluded that acid ioniza- 
tion at pH 7 4 could not be correlated with degree of protem-bmdmg The pKa 
values of most of the drugs used have not been detemuned but it does not seem 
likely that these could have been correlated with the per cent of sulfonamide 
bound to albumm 

Metabolic studies The metabolism of the compounds listed m table 1 was 
mvestigated m mice and monkeys The results were obtamed from groups of at 
least 5 mice or 2 monkeys unless the data were variable and demanded adminis- 
tration of drug to more anunals All the drugs were given as solutions of sodium 
salts by stomach tube m a dose of 0 16 mM per kilogram body wmght For 
purposes of comparison, sodium sulfamerazme was chosen as the standard 
In table 3, it is given as 100 and this value as obtamed from 85 mice and expressed 
as blood sulfamerazme was 9 5 mg per cent after 2 hours and 1 7 mg per cent 
after 24 hours In monkeys the same dose was used but the plasma drug-levels 
were detemuned after 2, 4, 6, 10, 24 and, if necessary, 48 and 72 hours In 9 
experiments m monkeys, the peak plasma sulfamerazme reached after 2 hours 
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was 17 6 mg per cent, after 10 houra, the plasma level of free drug was 4 4 mg 
per cent, after 6 hours, acetylation appeared to be at a maxunum and repre- 
ranted 8 per cent of total sulfamerazme present (9^ mg per cent m plasma) 
in both nuce and monkeys, peak levels were obtamed 2 hours after oral admmis- 
tration However, mice consistently excreted the drugs more slowly and per- 
sistence was measured by the blood level after 24 hours, whereas rehable data 


TABLE 2 



* A •» Bulfotuunide in 100 ml of protein free water external to the Visoose membrane 
B “ sulfonamide in 100 ml of water in the protein solution confined by the Visoose mem- 
brane 


Pet cent hound — 


100 (B - A) 
B 


Before equilibration, A and B each contained 0 04 mM sulfonamide or 0 4 mM/1 


m the monkey could not be secured this late and the 10-hour level seemed to 
furnish the best guide 

It was found difficult to summarize the large amount of data gathered but 
the method employed m table 3 seemed as convement as any Sulfamerazme, 
always given a value of 100, was compared with all the other drugs Drug 3 
may be used as an example for readers who would prefer to ascertam exact 
values the 2 and 24 hour blood levels of free drug m mice, mth correction for 
diSerence m molecular wmght, were 6 0 and 0 7 mg per cent, the 2 and 10 hour 
plasma levels m monkeys were 9 3 and 0 9 mg per cent, 25 per cent of the total 
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sulfamethazine (drug 3) m the plasma of monkeys was conjugated at 6 hours 
Too much weight must not be given to the figures of table 3 smce, for purposes 
of comparison, these are all referred to sulfamerazme as a standard 
In the mouse a particular drug may be absorbed better (e g , 6, 7, 9 and 31) 
or more poorly (e g 16, 24, 25 and 39) than in the monkey In the remaining 
experiments there was quite satisfactory agreement The observations on 
persistence are not as directly comparable smce the levels were measured after 
24 hours m the mouse and after 10 hours m the monkey The results m the two 
species disagreed often, persistence was sometimes greater m the mouse (e g 
6, 7, 9, and 37) but more often was greater in the monkey (e g 12, 13, 14, 16, 
21, 22, 24, 25, 26, 3S and 39) It seems probable that the data m monkeys 
have more sigmficance with reference to the behavior of these drugs m man 
The degree of conjugation in mice was not determmed 
It must be recogmzed that the headings used m Table 3 are not to be taken 
too hterally If absorption were truly measured, the total drug excreted in 
the urme and by other routes would have to be determined Persistence may 
in part depend upon the rate of absorption and could, of course, itself affect 
what 13 here loosely termed absorption Absorption, as the term is used in 
table 3, does not depend upon solubihty alone although drugs with solubihties 
of 6 mg per cent or less (table 1) were usually poorly absorbed (10, 28, 40 and 
41 except 31) Pereistence hkemse did not depend upon solubihty Drugs 
in which ahphatic radicals had replaced hydrogen in the 4, 5 and 6 positions 
were often poorly absorbed and persisted poorly’ (4, 17, 20, 28 and 30) although 
there were exceptions (35 and 38) The table contains examples of the manner 
m which absorption and persistence were affected by specific groups (cf 2, 13 
or 23 with 5, 8, 10 or 18) when the ahphatic group was m the 4 position A 
study of tables 1 and 3 mdicates that the absorption and persistence of a com- 
pound imght also be stnkingly altered by the addition of a group to the 6 posi- 
tion which previously had had no substituent (e g 16 and 17 in the monkey) 
Absorption and persistence, at least m the monkey, could bo improved or 
worsened if the same group was the substituent m the 4,6-po3ition3 instead of 
m the 4 position alone (e g cf 2 and 3, and 5 and 27), apparently the substitut- 
mg group determmed what metabohc change, if any, occurred 
Conjugation, which is assumed to be acetylation of the free N* ammo group, 
was studied only in the monkey Like absorption and persistence, it vaned 
greatly even among related compounds An mcrease m conjugation was not 
considered to have taken place unless the proportion of drug conjugated xvas 
at least doubled, virtually no drug was conjugated m those cases m which a 
dimmution was beheved to have occurred It did not depend upon the solu- 
bihty of either the free acid or the N*-acetyl derivative With the smgle ex- 
ception of drug 39, m which one substituent was an hydroxyl group, all the 
compounds with substituents m the 4,5 and 6 positions were conjugated as 
much as or more than sulfamerazme The conjugation of 4,6- substituted 
denvatues might be either greater than (2 and 3, 8 and 9, 13 and 14, 18 and 19, 
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and 23 and 25) or the Bame aa (6 and 6» 23 and 24 IS and 21 6 and 27, and 13 
and 33) 4-Bubatitutcd denvatives, four of abc di-«ubstituted compounds m ■which 
one group was a methyl were more conjugated than the simpler 4 substituted 
drug The 4 6-diethoxy derivative, 31 was conpigated more than snlfamera 
zme whereas there was a strildng lade of conjugation of the 4,5 diethoxy deriva 
tivo, 32 The monkey conjugated virtually none of the other tv.“o 4,6-Bubeti 
tuted derivatives (16 and 37) it should again be mentioned that no conjugation 
of the 4-hydroxy 5-ethoxy 6-ethoxymethyl pyiimldme derivative 39 occurred 
in the monkey Other compounds of which no conjugation -was obeerved 
following administration to monkeys were drugs 13, 33 16 and 22 (4 or 4,6 
methoxymethyl, 4 methyl and 6 ethoxymethyl or 6 dimcthoxymethyl denva 
tives) It appears that specific groupe may markedly affect the degree of 
conjugaUom 

Persistence of theee sulfanamides in the blood or plasma cannot be satis 
factorily correlated with their bmdmg by albumm For example drug 12, of 
which a significantly greater proportion was bound by plasma dbumm than of 
drug 2 persisted no better (monkey) or less well (mouse) than drug 2 Per 
Bistence lees satisfactory than that of sulfamerazine was obaerved not only of 
all drugs of which 50 per cent or less wero bound by albumin (e.g 1 5 18, 10 
and 20) but also of some in which the percentage of sulfonamide bound equaled 
that of sulfamerazine (e.g. 3, 33 87) Drug^ which poisoted better than sulfa 
mernpne (22, 24, 25, 38 and perhaps others) were bound to albumin to the ex 
tent of 70-80 per cent In comparison ■with about 60 per cent for sulfameraxine 

euiaiABT 

1 The influence of aliphatic substituents In one or more of postions 4,5 
and 6 of the pynmidme nng of sulfapynmidines on the solobility of the free 
and acetyl-substituted ccanpounds in 0f)5 M phosphate buffer, pH 6^ 
■was studied at 37 C In the majonty the acetyl derivative ■was the more 
soluble whatever the relationship, it was often strikingly altered by the addi 
tion (or removal) of one or more non polar groupe In companson with 4- 
or 4,6- subetituted sulfapynmidmee, 4 , 5 , 6 - derivatives were nearly always 
less soluble If position 4 was occupied the adcfitlcm of a methyl group to 
podtaon 6 usually mcreased solubility other comperunda of the type 4-R, 6-K' 
were more soluble than 4-R compounds whereas compounds 4-R, 6-R might 
or might not be more soluble than 4 R compounds It is beheved that the dis- 
sociation of a compound as an add is not the only factor dotenninmg solubility 

2 The extent to which the vanous denvativea cf sulfadiajane were bound ^ 
human plasma albumm was measured. The mtroductlon of one or more ah 
phatic radicals in poationa 4 5 or 6 of the pynmidme ring always led to an 
mcreased bmding of sulfonamide Specifio oliphaUc groups appeared to affect 
the degreo of binding 

8 The absorption and persistence of these sulfonamides were studied in 
the mouse and monkey to the extent that condusioiis can be reached from 
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drug-levela m blood or plasma The degree of conjugation u ns also determined 
in the plasma of monkeys There were frequent disagreements between the 
results m imce and those m monkeys 

Poor absoiption usually was characteristic of drugs of low solubihty but could 
also charactenze much more soluble compounds Speafio ahphatic groups and 
their position appeared to be the prmeipal factors determinmg absorption, 
persistence and magmtude of conjugation The degree of bindmg to plasma 
albumm did not alone deterrmne persistence 
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A CHEMICAL EVALUATION OF DIGITALIS' 

FREDERICK K- BELL aw© JOHN 0 KRANTZ JR. 

DtpaHmeni ej P\amaealon jScAooi tij Mtdicin* XJnivtrtilv of ILaryiarui^ BaUimort Md 
Receired for puUloAtlon jAnuu 7 fi 1945 

Although nearly 60 yeara have paasod since the first pnhlished ^rk on the 
biological assay of digitalis appeared there is still active controversy nmnng the 
proponents of the \*arioua biolo^cal methods available* This leads to the conclu 
oon that none of the present methods la entirely satisfactory 

At the suggestion of the Chairman of the Committee of Reviaicin of the U 8 
Pharmacopoeia we undertook an examination of the chemical methods available 
for the assay of digitalis 

The first qualitative chemical test for digitalis glycosides was published by 
HomoBe (1) m 1 846 This test similar to most of the numerous te^ developed 
smce that tune Is a color reaction. The adaptation of these tests for a quantata 
tive cdonmetnc procedure is not usually practicable, as tbeee testa usually require 
relatively pure glycosides 

Attempts aimed at the quantitative isolaUon of the active glytoeideB, with 
subsequent gravunetno or chamlcal detarminaUan, have not proved very 
succesdul 

Of the eolonmetno methods proposed it seemed to us that the Enudson and 
Dresboch (2) method offered the most promise for restudy This method is based 
upon the Baljot (3) reaction m which a red-orange color is developed by the active 
(^vcosldcs m the presence of alkaline picrate solution. 

More recent work (4) has shown that this color reaction is due to the active 
hydrogen atom of the unsaturated lactone group which is characteristic of the 
cardiac ^ycoeides Althougji other subetances respond poeitively to the Baljet 
test it is fortunate that it Is the lactone group m the glycoeide molecule which 
gnes the response because Jacobs (4) has shown that wudlac activity depends 
upon this structure. 

In our experiments we employed the procedure of the Knudson Dresbach 
method modifying it by the use of the EUcotrophotometer to compare colors The 
Instrument used was a Fisher Eloctrophotometer The green filter No 626 was 
employed in conjunction with the 23 cc aheorplion tubes This combination 
was found to give m general readmgsnearthemostdesirableportion of the scale. 
AH readings were made on the logarithmic scale of the instrument. Individual 
readings could be completed m less than 15 seconds so that the course of the color 
devdopment with the time could bo followed very cooveniontly The solution 
used as a blank consisted of equal volumes of distilled water and the alkaline 
picrate solution 

* The expense of Uie iorestifAtJon was deCn^vd partUll^ bj a grant from tbe Board 
of Tnutees of tbe United Btates Pharmtcopoeial Crareatioa. 
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Our attention was first directed to an examination of the color development m 
aqueous ouabam solutions prepared from the U S P Reference Standard material 
which contamed respectively 20, 15, 10 and 5 mg per 100 cc of solution Read- 
mgs were made over a penod of 90 mmutes The data obtamed for each solution 
were transposed to graphical form by plottmg the readmgs (logarithm of the 
tr ansmis sion) against time The four curves thus obtained were very similar 
and practically parallel to one another beyond the first 10 mmute readmg as 
shown m chart 1 Readmgs of the transmission at the same time mterval for 
each curve were then plotted agamst the correspondmg concentration of ouabam 



Ouabain Solutions 

1 20 mg /lOO CO 

2 15 mg/100 CO 

3 10 mg /lOO cc 

4 6 mg /lOO cc 

The locus of these pomts is not a straight hne but shows considerable cun'ature 
mdicatmg a defimte divergence from Beer’s law The curvature is less pro- 
nounced m the lower concentration range 

The four curves reveal another mterestmg and important fact m that the 
maximum readmg for each curve was obtamed at the first ten mmutes mterval 
after which subsequent readmgs showed a consistent and significant decrease 
In other words, the color developed m ouabam solutions m the concentration 
range of 6 to 20 mg per 100 cc begins to fade after 10 mmutes and probably evra 
before that tune Tmctures of digitalis, on the other hand, exammed by the 
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same method developed a color with alkaline picrate solution which became more 
mtense with respect to tune (aa ehovm in chart 2) 

In addition, we examined solutions of dextroee and digitoxoeo in a concentre 
tlon of 1 mg per cc over a period of several houre after treatment with the pionc 
add reagent Confiimmg other published observations we found that these 
sdutions give the characteristic color reacUon which gradually increases in mten 
Bit> with Ume, Dextroee is considerably more active than digitoxose. Com 
pared with the behavior of aolutions contaming digitalis glycosides the effect of 
these sugars is not regarded as significant, as shown by the accompanying chart 



MINUTES 
CHART 3 


IhotTAui OLTCoamBs aw Suoab BoLunoirs 
1 And 3 Typleal curreiforXT^ r Refereiio«6UiujaiTl tinctures 1 q/qU and liAlfilrength 
reipecUTely 

3 Dextrose 1 ms /co 

4 Dlgjtoxose 1 mg /eo. 

CHAitT 2 An extensive series of Ume-trnnamisaion studiea of tmoturoe of digi 
tails originating from a variety of »p>eamens of the drug were made The studwe 
mduded tinctures of different but known etrength and dilutions thereof As a 
result of these observations we suggest the foUowmg method of assay employing 
the U£ P Reference Standard Tincture as the standard of campansonu 

The method requires 6 cc of the unknown tincture and 6 cc of a tincture pre- 
pared from the Reference Standard Powder and also 6 cc. of the Utter 

after dilution with an equal volume of 71 per cent alcohol The three tinctures 
are decolorired bj the Knudson Dresbach procedure m separate 25 cc. volumetnc 
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flasks as follows Approximately 16 cc of water is added to exactly 6 cc of tinc- 
ture m the first flask followed by 2 cc of a freshly prepared 12 6 per cent solution 
of lead acetate The contents of the flask are mixed, then diluted to the mark 
with water, mixed again and transferred to a filter Durmg the filtration (by 
gravitj ) from the first flask, the 2nd and 3rd flasks are earned through the same 
procedure When 15-20 cc of the first filtrate have been collected, 12 5 cc are 
transferred to a 25 cc volumetric flask and 2 cc of a 4 7 per cent solution of 
NaiHPO< 7HiO is added The contents of the flask are imxed, diluted to the 
mark with water, mixed again and then transferred to a filter The other tw o 
lead acetate filtrates are treated m the same manner Tw eK e and five tenths cc 
portions of each of these 3 filtrates are placed in suitable indindual containers 
The picnc acid reagent is prepared freshlj by inixmg stock aqueous solutions of 
10 per cent sodium hydroxide and 1 per cent picnc acid in the proportion of 5 cc 
of the former to 96 cc of the latter Twelve and five tenths cc of this reagent 
is mixed with 12 5 cc of water and transferred to the proper absorption cell m the 
photoelectric colorimeter This solution serves as a blank The same volume 
of the reagent is also added and immediately mixed noth each of the 3 filtrates 
notmg the time when each addition was made The additions maj be made con- 
vementlj 2or3nunutesapartwhichpenmts ample timefor the adjustmentof the 
mstrument and readmg of the transmission before the next solution is to be 
exammed The solutions are transferred to absorption cells and the transmission 
of each solution is measured exactly 20 mmutes after the picnc acid reagent has 
been added The readmgs are made to the nearest 0 5 or whole division on the 
scale 

The percentage potency of the unknown tincture m terms of the US P Ref- 
erence Standard tincture is obtained from the equation 


Potency = 50 


where the values of Ex, Ruo and Em are respectivelj the instrument readmgs 
(logarithm of the transmission) correspondmg to the unknown tmeture, U S P 
Reference Standard tmeture and U S P Reference Standard tmeture m half 
strength In table 1 is given a summary of 60 typical pairs of readmgs of the full 
and half strength U S P Reference Standard tmeture observed dunng the course 
of this study Substitutmg the appropnate average values in the foregoing 
equation we have 

Potency = 50 


In table 2 are listed a limited senes of results obtamed by this method on coded 

biologically assayed preparations supphed us by Dr Harry Gold Sample No 1 

IS the 15 year old sample of tmeture prepared b> Dr James C Munch From 
this limited senes it is apparent that the results obtamed by the proposed meth^ 
much more doselj parallel those by the cat method than those obtamed by the 

human method 
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TABLE 1 

BlaHtiical andytin of fifty pefr< of rtadinyt qf fuU and kaif tirtnyik VJB P Rtftrtnee 
iStandard TindurM 


Fim ■ireQ|:th 
HiU itnnsUi 
DUTereoee 


No 1 Unoturo 


No 2 Powder 

No 8 P ow d er 

No 4 Powder 

No 8 Powder 

No 0 Tinoture 
No 7 Powder 

No 8 Powder 
No 9 Tebleti 

No lOTebleta 

No 11 Powder 

No 13 Powder 


183 

109 

116 


100 

j 


108 


140 

107 

160 

94 

140 

107 

100 

80 6 

116 

113 

183 

118 

163 

no 8 


No 18 Tinctnre 


181 

184 


161 
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To study the value of this method in the hands of other workera Dr Hany 
Gold sent us 5 coded samples of digitalis powder assayed by the cat and human 
methods (5) We recoded these samples and sent them to six independent lab- 
oratories mcludmg Dr Gold’s laboratoiy The results of these collaborative 
studies are set forth m table 3 

Discussion A chemical method for the assay of digitalis has been proposed 
dependent on the Baljet reaction and the Knudson-Dresbach procedure Based 
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upon the work of Jacobs, namely, that the active hydrogen of the unsaturated 
lactone group of the glycosides is necessary for cardiac activity, the Baljet reac 
tion measures pharmacologic potency In these studies v e have shocm that the 
old mcnnunation of the Knudson-Dresbach procedure, namely,, that it vas 
measuring reducmg sugars, is not valid under the conditions of this assay 
Data are recorded to show that the agreement betiveen assajs obtained by this 
method and these obtamed by the U S P cat method is satisfactorj , certainij 
within the necessity of agreement for this assay The U S P permits a 5 7 







rmnncAL EVALHATioif or oiotcalis 


219 


percentage SJ) for the official cat method in the handa of one operator m our 
hands seven vahiea taken at random for the standard tinctnre shcnred a 

percentage SJE of 1^ From table 3 it will be obeerved that In different bands 
for the first ezpenence with the test^ althou^ skilled m the manipulations of the 
chemist the average percentage was 2 0 and that obtained by the one skilled 
bioassayist by the cat method was 33 Dr C I Bliss (6) very succinctly states 
in his monumental mathematical review of the collaborative studies of the U3 J* 
cat method, that this method w31 show a difference of 20 per cent between two 
tinctures, but not 16 per cent. 

That time and expense are factors in this procedure goes without saying Even 
skilled bioassayists require 4 to 7 hours to obtain a value by the cat method with 
the sacrifice of 7 or more cata With the propoeed method the expense is ne£^ 
gible the skill required is that of the average technician and the time 46 minutes 

CQNCliUBION 

1 A chemical method has been propoeed to aasay digitalis and its preparations 
thatagreeswellwiththeUBJ* catmothod The Boljet reaction and the Knud 
eon-Dresbech deccloriaation procedure fonn the basis of the assay 

2 The una\ ailaUUty of ouabain as a suitable standard of companson has been 
BhowtL Eeference Standard Digitalis Powikr has been successfully employed as 
a standard. 

3 The relative Importance of the time factoie in the development of the color 
for lactone grouping in the glycoside and the reducing sugars respecti^’ely has 
been empheatsed 

4 Success m the quantitatii’e evahiaticm of the color In this assay is dependent 
upon the use of a photodeotric colorimeter provided with a suitable filter 
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' STUDIES ON SHOCK INDUCED BY HEMOEKHAGE 

DC The Ikhtbition of Amino Acid Oxidation i\ Shock Induced bt 

Heuobrhage’ 

WM E De tube and MARGAJRET B GREIG 

From {fit Dtparlmeni of Pharmacology, VanderbtU Uniterniy School of Medicine, Nashville, 

Tennessee 

Received for publiofttion January 12, IMS 
1 INHIBITION OP AMINO ACID OXIDATION IN KtDNET 

It haa been shown by Lurje (1) that m shock the concentration of amino acids 
m the blood IS increased This has been confirmed by Engel et al (2) who have 
shown that in eviscerate (hverless) rats subjected to hemorrhage, the increase 
m blood ammo acids is much more rapid than m normal animals similarly 
treated Such an accumulation of ammo amds might be due to an mcrease m 
protem catabolism, or to inhibition of ammo acid metabolism, or to both In 
this laboratory it has been shown that certam metabohc disturbances which 
occur m dogs subjected to shock may be attnbuted to a breakdown of coen- 
symes Destruction of the apoenzyme, or protem portion of the enzyme, 
has also been shown to occur under conditions of anoxia m in vUro experiments 
The foUowmg senes of experiments has been conducted to detenmne whether 
shock from hemorrhage does result m impairment of the abihty to oxidize 
certam ammo acids 

Methods Dogs were subjected to shook by repeated bleedings at thirty minute in 
tervals m the following nmounts 1 0% of body weight, 1 0%, 0 6%, 0 6%, and successive 
bleedings of 0 25% untU the blood pressure remained below 60 mm Hg One kidney was 
removed one hour after anesthesia with nembutal (32 mg Ae ) aud pnor to commencement 
of bleeding, and the second kidney was removed after the blood pressure had remained 
below 60 TOTTi Hg for one hour, or less if the animal did not appear bkely to survive the 
full hour The oitygen consumption of kidney sUces and homogenate was measured in 
Warburg manometeis at 37*C All determinations were made in duphoate and variations 
between dupbcate experiments were within 10% The experimental period was one hour 

Experiments with slices were performed in an atmosphere of oxygen and 160 mg of tissue 
were used in each vessel The substrate was I glutamic acid m a final concentration of 
M/100 Krebs' Ringer phosphate buffer, pH 7 4, was used 

In experiments with homogenate, 200 mg of tissue in M/10 phosphate buffer, pH 7S, 
were used, and the atmosphere was air The substrate was dl alanine in a final concentra 
tion oS M/^ All vessels contained arsemous oxide in a concentration of M/IOOO m order 
to diminisb the residual respiration, since Krebs (3) has shown that arsemous oxide in 
this concentration eliminates the “sparing action” by depressing cellular respiration and 
blocking the ondation of more readily oxidiiable substrates including the keto acids 

' This work was done under a contract, recommended bj the Committee on Medical 
Research, between the Office of Scientific Research and Development and Vanderbilt 

TJmversity , , . „ i. 

This paper was released for pubbcation by the Committee on Medical Research on 

December 29, 1044 
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fonned u a ntolt of the deamJDaUon of amino aolds It did not appear to b« entireij 
effeotire in the expenmenta In which ilices were need Ail Teweli were made op to a dnid 
Tolome of 2 cc with buffer 

RESTjliTS AND DiBCUBSiON Resulta &re presented m table 1 In aH nnimnla 
except ooe the oxidatiOQ of added d and 1-amino add was suppressed following 
hetnorriiage 'With kidney dices tbe cacy^cn consumpticm due to added 1-^ 
tamJc acid was suppressed on average of 28 6% with kidney homogenate the 
oxygen consumption due to added dl-alanme exhibatod a shnilar, but smaBer, 


TABLE 1 

Oxidation of l-^lulamie acid and dt-alantns hp and fumoponaU of Hdntp from dopx 
hifor* and ajitr a^ooh 
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decrease of 16 6%. In a single Instance no impairment of ammo aod oxidaUan 
was apparent, Tina animal (No 3-24-44) wia bled only 1,6% and showed no 
evidence of being m shock althou^ the blood pressure remamed below GO mm 
Hg for the required time. Edney slices and homogenate from control urmnnlii 
which were maintained under anesthesia for five hours without bleeding ex 
hibited no significant impairment of their ability to oxidise added subetiate 
under mmilfif conditions. 

The impaired ability of tissue slices to ceddixe ammo aads may result frmn a 
number of causes We have shown that the coeniymes, aHoxaxine adenine 











222 


mr E DtrrtrRK and margarbt e geeiq 


•dinucleotide and diphosphopyndine nucleotide may be destroyed in dogs sub- 
jected to shock by hemorrhage (4), and that the protem portion of the enzyme 
may also be destroyed tn intro under anoxic conditions (6) 

The inhibition of anuno acid oxidation by kidney shoes is probably not due 
to the accumulation of metabohtes The oxidation of keto acids is inhibited by 
arsemouB oxide Lactic acid is freely diffusible so that the dilution while m the 

TABLE 2 


Inhibition oj d-amino actd oxtdate by stnim from tbocked dogs 
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coimtoi, 

ten* Or 

XKTTUL niUU 

VM* Ot 

riHAL suox, 

j 

% THBtBmOH* 

8- 8-44 

6 hrs 10 min 

384 6 

441 0 1 

380 6 

13 7 

3-14-44 

6 hre 20 nun 

310 0 

366 5 

335 0 

0 

3-28-44 

5 hre 30 min 

380 2 

499 0 

632 0 

0 

3-29-44 

6 hre 10 min 

628 0 

1 637 0 

621 0 

0 

4-11-44 

6 hrs 

639 0 

600 0 

677 0 

0 

4-12-44 

6 hre 

639 0 

585 0 

664 0 

0 


* Inhibitions are calculated on the basis of the value obtained with the initial serum 


Inhibitions of less than 10% are considered as sere 

f Blood pressure remainedhelow 60 mm Hg for 2 hours and 20 minutes 

Warburg vessels probably results m concentrations too low to account for the 
degree of inhibition which was encountered 
The mhibition of ammo acid oxidation by tissue shces when these have been 
mcubated m mtrogen suggests that tissue anoxia may be a primary oausatiTO 
factor for the reduced abihty to oxidize ammo acids Baska (6) has reports 
a marked decrease m the abihty of ischemic kidneys to oxidize ammo acids 
and otier substrates Clark and Rossiter (7) found no change m the abihty 
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of rabbit Uver to cuadiie alanine after one-tbird of the body surface had been 
subjected to burning 

SuMMAHT Shock induced by hemorrhage markedly decreases the ahilrty 
of ladney shcee and homogenate to ccadixe added ^^utaImo aad and cQ^alanine 

3 iNHiBrnoN or d aiiino acid oxidabb bt Bznuu raou andialb subjecud 

TO SHOCK INDUCED BT HEUOaKHAOB 

It has been previously reported by vanous mvestagators that a decreased 
ability of tissues to metabolite normally exists in condibons of shock ancada, 
bums, and ischemia. In min experiments conducted in this laboratory indi 
cate that under conditions of tissue anoxia and ceU nls^ damage enxyme in 
hibitoTB may be formed Experiments have been conducted m an ^ort to 
determine whether or not such aubetances are preeent In the blood of dogs 
subjected to shock by repeated bleeding 

Utrnoit* Twelre doc* aodar Dembatai aneatheila Ture subjected to repeated bleed 
lots by the znetbod described ebore 8emplea of Mrmn were eoheeted at Uie commenee- 
meot of each experimeat end after the animal*! blood pretame bad remained below CO mm 
H[ for one half hour and for one hour 61x control were maintained under aoes- 

the«la without bleedinc and aamples were ooUeoted after anettheUtaUon and acaio after 
an interral of five to aix and one half boon 

Oxygen eonsumpdon wu meaaurcd In Warburg manometen at 37^ in an atmoapbere 
of air VeaseU eontalned 04 ee of enxyme 0 1 ee of alioxaxim eden)r>e dinueleotide 
0,3 oe ofdl-alanioe (44%) lOec ofeerum and M/10 phosphate buffer pH 74, to make 
the final volume 2j0 ee 

IlESUiyrB AND DiBcusftiON An inhibitor was found to bo present hi the serum 
of shacked dogs which mhibitod the ooddaiioG of alanine by the isolated d 
ammo aad oxidase system 

Serum from animals m shock for ono-balf hour produced an average decrease 
of 27,2% In amino aad oxidation when compared with the Initifil sample 
serum collected after one hour of shock produced a 84,2% decrease In the 
control Bones the second sample of serum produced InhibiUon in onl) one m 
stance 

The inhibitor is thermoetabile and the degree of mhlbition produced appears 
to be proportional to its concentration and to the degree of shock wWch is 
present The inhibitor may he bctic acid since lactic aad in concentrations 
comparable to those found in the serum of shocked animals produced a compar 
able decrease in the oxidixmg abflitj' of the enxyme syste m Glucose and pyre 
vate in concentrations comparable to thoee found in shocked serum produced 
no impairment of ftminp add oxidation 

It would appear possible that abnormal accumulations of normal mtennediary 
metabohtes may oonsUtute a contributing factor to the condition of shock, 

SuiaiAEY The presence of a heat stabile subetance which inhibits the 
isolated d*amino aad oxidase system has been demonstrated in serum from 
shocked dogs 
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In carrying out rtudjes in tiua laboratory on shook from hemorrhage It waB 
found by Govicr and Greer (1) that there la a decreaae in liver glycogen, a 
pTohminary use in blood sugar foBowed by a fall m aorae cases almost to 
sero flnd an increase in lacbo and pyruvic adds in the blood It vras also 
found by Govier and Grag that In the tissue anoxia known to be present in 
shock coeniymea are deetrojed but that they may be resyntbesued by the 
administration of thar respecUvo vitamins (2 8) In spite of such resynthesis 
i)f coeniymea the percentage of recoveries of dogs from shock after treatment 
■with vitamins over thoso of controls was not mcroased It was later found 
that the apoemyme or protein part of venous eniyme systems as well as the 
ooensyme is inactivated by anoxia (4) Information however is ladang re- 
garding the reconstitution of this part of the eniyme but it was thought that 
if the tiSBue anana were relieved, aeroho metebohsm might be in some measure 
restored For this purpose hemoglobui seemed to be an ideal substance 

The old idea that tissue oxidation could not bo earned on by hemc^lobm 
outside the red corpueoles (5) was completely disproved by Amberson a clnaaacal 
experiments m which he replaced the blood of animnlw -with oxyhemo^obin 
salt-sugar sohiUon and his mnmiilB bved for many hours in an apparently normal 
phyaical and mental state (6) and showed a normal oxygen consumption More 
recently Brown and Dale (7) make thefoUowing statement regarding hemos^obin 
solutioiiB. 'The blood vessels of a cat e limb can be perfused for hours without 
loemg their ohoracteristia reactions to hbtamme acetylcholine and so forth 
and without an important degree of oedema-” There is, therefore, every reason 
to believe that hemo^ohm con carry oi^rgen to the tissues where normal transfer 
will take place 

Hemoglobin has certain properties which make it a theoretically ideal sub- 
stanoa to use os a blood substitute In solution It exerts a colloidal osmotic 
preesure, is an oxygen earner and can penetrate where red ceUe cannot Con 
sldenng the blood to be made up of 46% red rfdlw and 66% plaama by volume 
and takmg a 7% hemoglobm solution to have an osmotic pressure of 26 mm 

* This work wu doDo under a eontrsot reocmnnnded by the ComnJttM on Medical 
Researcli between the Office of Bolentiflo Reuaroli and Development aodVandeTbQt 
UniTtrelty 

This paper waa releated by the Office of Bdentifie Reaurch and Dorelopment on De 
eembor 26 1044 

225 



224 


■WM E DETUHK AND MAHGAKET E GREIG 


BIBLIOGRAPHY 

(1) Ldkje, Am J SuTg , 32 313, 1936 

(2) Enoel, Wn,TON AND Long, J Exper Med , 77, 397, 1943 

(3) Krebs, Biochem J , 29, 1620, 1936 

(4) Greio, This Jour , 81, 164, 1944 
(6) Greig, This Jour , 81, 240, 1944 

(6) Raska, j Exper Med , 78. 76, 1943 

(7) Clark AND Rossiter, Quart J Exper Physiol , 82, 269, 1944 



STUDIES ON SHOCK INDUCED BY HEMORRHAGE 
X. Hemoolobik SoLtraoNs as Blcmjd BuBSTUimfi* 

PAUL D I^AUSON BENJAillN H- ROBBINS amd MARGARET E QREIG 
FnmVis DtpartJTunt of PkamatiQloff]/ VandtrbiUUnSMnUtScJtoclofiltdictnt NasirilU 
T€rtnet$e* 

RecolTQd for publleatioD Jabuktj 12 194C 

In carrying out studies in this laboratory on shod, from hemorrhage, it was 
found by Qovier and Greer (1) that there ia a decrease in liver glycogen a 
preliminary nse in blood sugar followed by a fall m some cases almost to 
xero and an increase in lactic and pyruvic adds in the blood It was also 
found by Goner and Grag that m the tissue anoxia known to be present in 
shock coeniymea are destroyed but that they may be resyntherixed by the 
adnumstiation of their respective ntamins (2 3) In spdto of such reaynthecls 
of coeniymea the percentage of reconaiea of dogs from shook after treatment 
with ntamins, over those of controls was not mcreased It was later found 
that the apoensymo or protein part of vanoua eni^rme systems, as well as the 
coenxyme, Is inactivated by enema (4) Informabon however, Is lacking Te> 
garding the reconstitution of this part of the enxyme but it was thought that 
if the tissue anoxia were relieved aerobic metabolism mi^iit be in some measure 
restored For this purpoee hemo^ohm seemed to be an ideal subetance 

The old idea that tissue oxidaUcn could not be earned on by hemoglobin 
outode the red corpuscles (6) was completely disproved by Ambcieon a classical 
expenments m which he replaced the blood of animals with oxyhemogjobin 
salt-sugar sohition and his ftnimAlii lived for many hours in an apparently normal 
physical and mental state and showed a normal oiy gen conBumpUon More 
recently BrownandDale (7)makethefollowingstatementregardinghemo^obm 
sohitions. The blood vessels of a oat a hmb can be perfused for honn without 
losmg their oharaoterisiio reactions to histomme acetylcholine and so forth 
and without an important degree of oedema There is therefore every reason 
to believe that hemoglobin can carry oxygen to the tissues where normal transfer 
will take plaoe 

Hemo^obm has certain properties which make it a theoretically ideal sub- 
stanoe to use as a blood substitute In sohitian it exerts a colloidal oemotio 
pressure, is an oxygen earner and can penetrate where red cells cannot Con 
sidering the blood to be made up of 46% red cells and 66% plasma by volume 
and taking a 7% hemoglobin solution to have an osmotao pressure of 26 mm 

* Tliii work wu doDa ooder a oostnet Kooan mended by tbe Committee on Medie*l 
Reteareb between tLe Office of SdenUfio Reeeareb and Development and V&nderbDt 
Uni vend ty 

Tbli p«per wm roleated by the Office of SeienUfle ReMareb and DevelopiaeDt on De- 
cember 36 1944 
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Hg (8, 9), which IS that of plasma, the hemoglobin contamed withm the red 
corpuscles of a given volume of blood made up m a 7% solution with glucose 
and the proper salts would give a volume approximately four tunes that of the 
plasma That is, for every hter of blood obtamed from a donor, approximately 
2200 cc of blood substitute could be obtamed m addition to 650 cc of plasma, 
or in the case of man one could add the plasma to great advantage and obtam 
five tunes the plasma volume or 2760 cc from 1 hter of blood If hemoglobm 
can be shown to be non-toxic the use of such a hemoglobm solution would avoid 
the waste of discardmg four-fifths of the colloidal matenal of the blood of donors 
Hemoglobm solutions will, however, be found to have very different properties 
from solutions such as gelatin, acacia, or plasma with sumlar oncotic indices, 
as will be seen from the foUowmg experiments On this account, hemoglobin 
solutions can never replace plasma 

Amberson’s reviews of the older literature on hemoglobm (10) and the sum- 
manes by Amberson as well as Cannon m Mudd’s “Blood Sub^itutes and Blood 
Transfusion” (11) are so complete that no review of the hterature wiU be given 
here A cursory review of the work on hemoglobin will reveal a great difference 
of opmion regardmg methods of preparation, keeping qualities, methemoglobm 
formation, renal disturbance and general reactions of the patient From such a 
review, it is obvious however that as more has been learned about methods of 
preparation and the handling of hemoglobm the results obtained are very 
definitely more favorable 

I When hemoglobm is made from whole blood without proper care the stroma 
from broken down red cells may be left behmd and cause damage (12) On the 
other hand, there is certam evidence against this (13) Methemoglobm may 
also be found m such solutions and kidney damage has been reported from their 
use, especially m patients with an acid unne (14, 16, 10) On the other hand, 
stable solutions of hemoglobm can be prepared which do not cause kidney 
damage (17, 18, 19, 20, 21) 

Our experiments were not designed to study hemoglobm as a blood substitute, 
which IS a very elaborate problem, but, as stated above, to see if its use m shocked 

'dogs would have a more beneficial effect than other coUoidal solutions or pos- 
sibly vhole blood, as hemoglobm m solution can penetrate where red cells can- 
not 

We have given hemoglobm solutions to dogs shocked from hemorrhage and 
have obtamed an immediate mcrease m oxygen consumption of one hundred 
per cent, and even more 

Methods Dogs were used m these experiments They were anesthetized 
by the mtravenous mjecbon of 0 032 gm /kg of sodium pentobarbital which 
was dissolved m 10% alcohol m 6 4% concentration This uas foUowcd by an 
injection of 25 cc /kg of Abbott’s heparm soluUon They were usually shocked 
by bleedmg at 60 mm Hg for one hour and then at 30 mm Hg for one half hour 
by a method devised by one of us (22) This consiste of cannulatmg a femoral 
artery and connectmg the cannula by means of a rubber tube to a collecting 
bottle in which 3 cc of Heparm solution is placed The bottle is then set at a 



SHOCK INDTJCED BT HEMORRHAGE 


227 


level above the dog’s heart, such that the hel^t of the column of blood in the 
connecting tube •will maintain the desired pressure When the arterj Is opened 
blood win nm up into the bottle and the animal’s blood pressure will fall after 
a few seconds to the desired level The animal ■will continue to put out blood 
for some time however, and then an equihbnum wilJ be reached After this 
blood may Sow in or out of the animal in am all amounts but the pressurewiU 
remain "very constant All animals •will not stand an hour’s expoeuro to 60 mm 
Hg as well as a 30 minutes' expoeuro to 30 mm Hg which is evidenced by a 
progreesive fall in blood pressure toward ll» end of the period <rf bleeding In 
comparative work such animals must be discarded but as qualitative studies 
only are considered here some of these animals were included 

Before bleedmg, the animal was attached by means of a tracheal catheter 
with a Waters-Guedel cuff to a Sanborn metabolimeter and the rate of oxygen 
consumption recorded conUnuously throu^out the experiment 

We ha-vo used ox dc^ and human hemoglobin Ox hemoglobin was prepared 
by the method of Amberson et al (6) oiystailme dog heroo^obm by the methods 
of Heidelberger (23) and of Bmg (16), both of whom used toluene to prodnee 
hemolysia of concentrated guspenaons of red cells. Crystalline human hemo- 
globm was prepared by the method of Cannon and Redish (24) In cases where 
hemo^obin solution from human and ox blood was prepared by laking the 
ftftlls in distilled water, the solution was dklyaed against distilled water to re* 
move potassium without further purification. In the case of dog blood the 
potassium is so low that it can be disregarded Ah of these preparations give 
quahtativ^y the same results 

We have also used laked whole blood and we have caused tn two lidnng by 
injectmg distilled ■water Intravenoualy as described by us elsewhere (26) Fi 
nally vre have used hemo^oUn solutions made by defibnnating dog’s blood 
freenng in dry ice thawing addmg 0 9 gm of NaCl per 100 cc. of the water 
to be added, centrifuging and then adding distilled water in an amount equal 
to 1 75 times the volume of this hemolyied stroma free blood This gives an 
approximately isotomc solution contaming about 6 grams of hemo^obui m each 
100 cc, of plasma and -water This procedure has very little effect on the oxygen 
carrying capaaty of the blood 

Oxygen coNSUiiFnoN Two Illustrationa of tha are given in the following 
protocols. In the first hemofdohin Einger Locke solution was used m the 
second, hemo^obm m plasma. We have studied the oxygen consumption m 
ahock in 18 dogs using hemoglobin prepared by different methods and obtained 
from different spedes, and in every case there -was an immediate increase in 
o xygen consumption after the injection of hemo^obin 

Blood and pulm phesstjee. Amberson (6) reported an mcrease in blood 
preoBUre after the injection of hemoglobin-Rlnger Locke solution m >tnTmA]« but 
this -was not -very great Baybss (18) remo-ved about one-third of the calculated 
blood volume of a cat and replaced this "with an equal volume of gum-eahne. 
The blood -was then hemolyxed by freenng stramed and re-mjected *1116 
intravenous Injection of 18 cc of blood so prepared into a cat of 1 9 kdograms 
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weight had no other result than a shght permanent nse in the Wood pressure ” 
Buttle, Eekwick and Schweitzer (26) in a comparison of hlood substitutes m 
acute hemorrhage used “a solution contaimngS 7 gm of o\ hemoglohm per 100 
com (knoiwi as 26% haemoglobm-Rmger) ” They make the statement, 
"The immediate recovery of the blood pressure was good, but there was a 
tendency for it to fall durmg the period of observation and to be highly unstable ” 
They conclude m their comparison of different blood substitutes "that plasma 
IS the only one which, in the cat, consistently gives results approximate to those 
obtamed nith whole blood The other substitute solutions ne place m the fol- 
lowmg decendmg order of xalue serum, haemoglobm-Rmger, gum sahne, red 
cells m ciystaUoid solution, isotomc sahne, isotomc glucose ” 


TABLE 1 


BtTVAK EEUOOLOVm IK KZKOCX, DOO li CO 

OtTSTALLINZ t>00 EZKOOLOBIK DT rLASUA^ DOO It^ 


lieU 

- 

ilelA 

Hmc 

boUc 

Time 

boUc 


rttc 


rmte 


cc/it/ 


a fktf 


min 


m(B 

2 65 

6 4 

10 10 

6 9 

3 10 Bled at 60 mm Hg 


10 26 Bled at 60 mm Hg 


3 20 

3 8 

11 26 Bled at 30 mm Hg 


4 10 Bled at 30 imn Hg 


11 25 

4 3 

1 4 40 Stopped bleeding 


11 33 

3 1 

Total blood loss 6% of body 


11 46 

3 1 

weight 


11 63 

3 1 

4 45 

24 

11 65 Stopped bleeding 


4 47 140 ce hemoglobin solution 


Total blood loss 4 1% of 


6 04 

6 9 

body weight 


6 04 125 cc hemoglobin solution 


12 06 Hemoglobin solution 170 ec 


6 09 

6 9 

12 10 

6 9 

6 09 225 cc hemoglobin solution 


12 18 

6 6 

5 15 

6 9 

12 26 

6 2 



12 46 

6 2 

Increase in metabohc rate = 140% 

Increase in metabohc rate 109% 


Our eiqjenments with hemoglohm m dogs shocked by hemorrhage gave much 
more stnkmg changes m the blood pressure and pulse pressure Hemoglohm 
solutions not only raised the blood pressure more than gelatm solutions of api- 
proximately the same oncotic mdex, but mamtained this pressure for longer 
penods In many instances, a moderate m]ection of hemoglohm (60 cc of 
7%) caused a gradual mcrease of pressure durmg a period of an hour or so and a 
smgle rejection might keep the pressure up for several hours More frequentlj , 
however, after a prolong^ nse the pressure would gradually fall, but it could 
be always raised by another rejection of hemoglohm solution The effect on 
the pulse pressure was very stnkmg, an enormous mcrease often occumng 
Although a mercury manometer was customarily used this some mcrease ivas 
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seen when a ^ass capsaile manometer wna robstituted lUustnitive corvca are 
p\'en Although the neo of blood pressure with hemo^obin la greater than 
that seen with gelatm the Btrikmg thing about hemoglobin is the gradual m 
creaso m blood pressure over a long time and its prolonged effect We have as 
yet made no attempt to analyte these blood pressure and pulse pressure effects 
but the fact that they are very much leas when carbon monovidc bsmo^obm 
IS used and still present with recrystollixcd heraoglobm would radicate that they 



Fio 1 Doc Snocus nr Bumino roa 1 Houa at 60 Mu He tbbs roa i Houa 
AT 90 &Im ^ 

The puUe beoame barely perceptible The ehamtenitio effect of beiDosIobla U ibown 
by the eraduAl aod then sdrtAlsed ioereaee lo blo^ pi Msu rc with an ioentM of pulse 
preaore 



<• •(••• tUlWunOML MtM( K^nct MM. wmaw MMMfU Mtl ^ 

Fra X A dog WAS bled r&pldly from aq AHery antil heart boAt could not be detected 
(4 4fl% of body wrighl) One hundred cc of Uua blood was Iskrd In 300 cc of distill^ 
WAter 3 gm. of sodium chloride wu then Added and the mixture inlccted 

are due m part to bettor oxidation rather than to a blood pressure raking factor 
other than hemoglobin or to the oncotic effect only of the solution 

When large amounts of thlainm alone or together with nicotinic acid ribo- 
flaton and ascorbic acid ore mjected mtra\*enouBly after a moderate doee of 
hemoglobin there is an imtial fall of blood pressure and then the hemoglobin 
nso contmues At times this appears to be more rapid and greater than ^ith 
bcmoglobm alone but the end result aeems to be the same. 

EFFBCT of HEUOOLODIN in HEUOnHHAGE AND IN 8IIOOK FROU HEUOREHAQE, 
After treatment inth hemoglobui many of our dogs came out of anesthesia after 
about 8-10 hours and made verj rapid recoveries They were up and aroimd, 
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behaving m a normal manner, but almost all died dunng the mght We have 
made no attempt to compare statistically the percentage of recoveries of dogs 
shocked by hemorrhage and treated with hemo^obm, mth controls treated with 
whole blood, salt solution or gelatm Such studies may give very misleadmg 
results unless large numbers of animals are used, and shock of different degrees of 
duration and intensity studied as well as senes of animals treated with different 
amounts of hemoglobin at vanous mtervals 

At present hemoglobin from the ox, dog or man is used mdescnminately 
Hemoglobm solutions of very heterogenous composition are also used All of 
these experunents add to our knowledge, but it is obvious that work must be 
done on a quantitative basis with substances of known composition 

There are all degrees of hemorrhage and of shock, and blood substitutes of 
almost any sort will save a certain percentage of nnimals m the early stages 
which would have died without such treatment On the other hand, in more 
severe cases the purely physical properties of a blood substitute will not be suffi- 
cient to save an animal We have used a large number of dogs in these hemo- 
globm experiments and can raise the blood pressure and pulse pressure to any 
desired level as rapidly as desired with hemoglobin solution and mamtain this 
blood pressure level indefimtely By usmg the simple method of connecting 
the femoral artery by means of a cannula and rubber tube to a pressure bottle 
containmg the hemoglobin solution it is possible to obtain any desired blood 
pressure by raismg the bottle to the necessary height The solution will flow 
mto the antmal imtil the blood pressure equals that produced by the column of 
blood to the bottle This pressure will be mamtamed very exactly as the solu- 
tion will flow m or out of the animal, dependmg on the anunal’s condition In 
such a way, the value of vanous blood substitutes m mamtainmg blood pressure 
can be compared by the rate at w hich fluid is taken up After five to eight hours 
of such treatment wath hemo^obm at a normal blood pressure of 120 mm , 
dogs will come out of anesthesia, be up and around, dnnking water and behavmg 
m a normal manner Then withm an hour they may die We have also given 
hemoglobm by intravenous mjection m vanous concentration, vanous amounts 
as w eU as m large single doses and repeated small doses We have given sugar, 
vitamins, certam ammo acids, and many other substances with hemoglobin 
and yet were unable to consistently save shocked animals On examination, 
the blood sugar wll be found to have fallen to zero m some of these apparently 
well animals In others, however, it will be found to be at the normal level, or 
above this Thus, there are metabolic disturbances taking place which pre- 
vent the ammal’s complete recovery which blood substitutes alone wall not 
remedy This m no w'aj detracts from the necessity of finding the best possible 
blood substitute 

On the other hand, hemoglobm is not toxic It will save dogs w hich have been 
bled until the heart has almost stopped if it is given at once This we have 
done many tunes Dogs may even be revived with hemoglobm after the heart 
has stopped, but in the few in which this was tried all died dunng the mght, 
which mi^t be expected without later treatment with w hole blood How ever. 
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If shock IS produced in dogs by the method descnbod above, even though lees 
blood la shed than in these cases of acute hemorrhage they can not be saved rdth 
hemoglobin 

It 18 poedble to use hemoglobin m eolt-augar solutions or In plasma, or to 
make a mfarturo of hemoglobin red cells and plasma which baa an oxygen ca 
padty far abo\’e normal We have earned out a few experiroentfl inth these 





Fio 3 Tbe fifuret abov th« retea of Intake by dofi of taboe or bemoflobiD aolutiona 
followtfif a 00 i^od of bleedlDC at 60 mm. Uc 

The doga which reeeired an intre arterial infoaion of aalioe had an average blood lo«s 
of of their body weij^t The infuatoo bottlea were aet at SO mm. Bg preaaure for the 
flrat 80*; then at 100 mm. He for the next 30 -CO', after which they a‘ere raiaed to 120 mm Hg 
The doa which recelrea an intra arterial infoaloa of bexaogiobiti aolatiooa had an aver 
age bloodloaa of 4J>% of their body weight. The infoaion bottlea were act at 90-100 mm. 
Hg for the fiiat 30' after which they were raiaed to 120-180 mm. Hg 


last two solutions and are of the opinion that they ha\e an even greater effect 
on oxygen consumption than simple hemofdobin salt-sugar solution 

It is with regret that we are unable to give a definite answer based on stalls 
txcnl data as to whether hemoglobin solutions will be found to be more efficacious 
in the treatment of shock than other blood subetitutes In order to answer this 
question pure hemoglobin made from the blood of the apedes to be studied 
should be prepared It should be made up in Bolutions containing \*arious aalta 
and dextroee in ■v’anous concentrations buffered at the optimum hydro^n ion 
concentration and gii’en in different concentrations and amounts at various 
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mtenrak If given wth plasma, the plasma of homologous animals should be 
used Such expenments involve a greater expenditure of funds than are at 
present available It vould, however, seem reasonable to behei e that it nould 




ttl 4S! 
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Fio 4 These cun es illustrate hon the blood pressure after hemorrhage can be raised bj 
hemoljiing the dog’s own blood This extravascular method allows exact control of the 
degree of hemolysis which is impossible bj intravenous injection of distilled water lUi 
anticoagulant must be used At4 47 the effcctof vitamins is shown as described on page 0 
The weight of the dog was 12 hg and not 2 kg as shown in Fig 4 

be safe to git e hemoglobin plasma solutions experimentally m man Such solu- 
tions can be much more readilj made as desenbed above than hemoglobin 
Ringer solutions, and should be as, or more, efficacious as a blood substitute 
In figure 4 the effect after hemorrhage of increasing doses of hemoglobin is 
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ahowiu A hepaiinlied dog wm used and after the blood prefisure had been 
lowered by bleeding a email amount of blood was drawn into a ayimge contain 
mg three times this Tolome of distUled water Laldng takes place rapidly 
An amount of concentrated salt solution sufficient to make the solution isotonio 
as for as electrolytes were concerned was then drawn mto the sjTinge and 
mixed with the hemolyied blood This mneture was then remjected In 
this manner, the blood pressure can bo built up with the nmmal s own blood 
to any desired level Assummg that those are right who mamtam that stroma 
cause no damage such a procedure mi^t be used where blood substitutes are 
unavailable if it were not for the possibibty of intravascular clotting if an 
anticoagulant Is not used and It is unlikdy that in an emergency one would be 
available 


CONCLT7BIONB 

HcmogloHn in Ringer Locke solution, in plasma or In whole blood diluted 
with salt solution can be made to give solutiona with the same oncotic index 
as blood 

A hemo^obin blood substitute solution differs from gum salme or gelatin 
solutions as well as from plasma m being an oxygen earner, and in having 
a blood pressure raising power which cannot be accounted for by its oncotic 
propeitia 

Hemo^obm solutions cause a very marked morease of pulse praeure m dogs 
shocked by hemorrhage or in dogs after a single large hemanbage before the 
onset of shock. 

Hemoglobin solutions cause an immediate morease in oxygen consumption 
of 100% or more m dogs shocked from hemorrhage 

Hemoglobm solutions properly prepared do not seem to be injurious to dogs 

Dogs may bo saved from very severe hemorrhage by the injection of hemo- 
globin solutions 

I>ogB cannot be saved by the Injection of hemoglobin solutions after severe 
shock has developed Neither can they be saved vrhen both hemoglobin and 
vitamins are given It is felt that in severe shock from hemorrhage such radical 
metaboUc changes have taken place that the administration of flmd alone In 
the form of an Iso-osmotic solution will not save any large percentage of ani 

mRlw 

It is possible that substances, such es hemoglobm which morease the metabolic 
rate in cases of shock may actually shorten the survival timpL We have found 
this to be the case if dimtrophenol » given- 
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THE MODE OF ACTION OF THREE NEW DHniETICS MELAJONE, 
ADENINE AND FORMOGUANAMINE 
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In a previous paper (1) it vras ^wn that among seventy amideSy amlnee and 
related compounds tested three proved to be potent diuretics. These are 
melamine adenme and formoguanamine. As shovm by the foimulaa they are 
related to urea and the xanthines chemioany in so far as they contain the group 


— N- 


I 


-N*- several times in their molecule 


NH, 
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N^\ 


N— C— NH, 


H,N— i i— 1 


V 

Melamine 


mi, 


ii 

i-L. 


Adenine 
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NH 

^CH 


\ 

a,N— i i— : 
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Formoguanamine 


NH, 


Tested with the rat assay method (3) their aotivitieB rdated to urea as the 
reference standard are 76.6 189 347 respectively Since these compounds 
•compared favorably with the xanthme diuretics and the organic mercury com 
pounds concerning potency and degree of toiicaty they have been further m 
\’estigated 

1 Dixtresis ow the doo Four dogs n'ere used for testing the diuretic 
activity of these substances and of urea 


PnetditT* Sereral vnki before tb« beghutiog of tbe uperimenti tbe externa] uretbral 
opeoiog In female doge wai expoeed throngb a Falek indaloc (3) Tbe bladder waa drained 
eatbeterixatioQ tbe nrlnaiy exeretioo was followed before and after admlnUtration of 
tbedrnsi and the Tolome w&i c&lenlated for ttmlnnte perloda. Inthetuinee obloridewaa 
analyied with Van Slyke i metbod (4) or a mlcrocnodlBcatlon (5) of it and total N by 
Kjeldabllialion In tereral experimenU tbe hematocrit raluea were etUmated in triplicate 
in the oxalated blood from the ear and Cl and total N were measured in the plaama obtained 
from a mixtnre of 80 mg of powdered aodlum oxalate and 2 ec of blood from ibe Mphenoui 
rein onder paraJSn The dogi were fasted for 18 honn prarioOB to the experimenta but 
bad aecen to water In the morning this too wma withdrawn the bladder was emptied 
and tbe normal urinary e xcr etion waa followed for 2-8 honra. Tbe drags were then giren 
orally either In 1-8 tablespoonfola of mlneed meat or dlasolred or suspended in SO eo of 
saline and Introduced by atomaob tnbe 


In most instances the peak of dhiretio action was reached 1 to 3 hotm after 
adminiatratioii and the urinary excretion returned toward normal between the 
4th and the 6th hour In other instances, and especially when high doses of 
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anj^ of these diuretics or of urea were given, the action of the diuretic nas still 
strong after 6 hours The unnarj' excretion in control ex-pemnents w hen nothing 
or two tablespoonfuls of meat and 50 cc of sahne (=C cc /Kg ) were given 
IS shoini in fable 1 ’ 

All three of the nev diuretics, melamme', adenine= and formoguanamine, 
increase the output of iiater as iiell as of KaCl in the urme, but not ahiajs 
to the same degree In some instances the salt concentration in the unne rose- 
considerably, but the concentration m colonng matter and m mtrogen was 
decreased On the mommg follomng the administration of the drug the Cl 
•utput as i\ ell as the G concentration in the unne i\as loner than that before 


TABLE 1 


DOO KO 4 KnCaT 

DATE 

TDIZ 

tJlIM rXClXTO 

tnuxuT Txaucnoit 

it 



cc 

cejl nin 

7 93 

11/11/1943 

8 45 





9 45 

11 0 

0 07 



10 45 

10 2 

0 85 



n 45 

7 2 

0 60 



1 60 

9 6 

0 38 



2 50 

6 0 

0 60 

S 42 

4/28/1944 

8 45 





9 45 

14 2 

1 IS 



10 45 

13 5 

1 13 



10 SO 

Two tableapoonfuls of meat + SO- 




cc saline 




11 45 

13 4 

1 12 



1 45 

2S 4 

1 18 



2 46 1 

13 5 

1 13 



3 45 1 

13 9 

1 16 



4 46 1 

13 9 

1 16 


the diuretic was gii en Ko significant changes « ere observed m the composition 
of the blood or plasma at the height of diuretic action of melamme, the onl> 
consistent change bemg the increase m the amount of red cells per x olume of 
blood the next daj , although dunng the night the dogs iiere allowed to dnnk 
water freelj One rcpresentatn e expenment for each diuretic is shown m 
figures 1~3 


' Melamme was cxanimed m pharmacological expenments by Hesse and Taubmann (0) 
They found m a dog fed 100 mg /hg melamme a decrease m blood sugar concentration 
But since no other component of the blood was studied it is not clear whether this is a 
specific effect or an indication of hjdremia 

’ Adenine has been used in therapy of agranulocytosis (7),indose8ofl-2g mtravenouslj 
Besides this, diuretic expenments with the combination caffeine and adenine were 
tioned bneflj by Macht and Schroeder (8) The blood pressure of the rabbit is ve^ httle 
affected by adenine (9) Ribosides of adenme and other punnes w hich have some diuretic 
activity on rats were studied recently by Haas (10) 
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la the case of melamlae the excretion of the drug itself was investigated 
The co*t*Uuna occumng after larger doeca m rats or dogs was found to be 


(Mint 

z' % r 



<c/3Mhi 


U/UnC 

NaCL 

% 



IMfUC 

A/aCl 



Fio 1 Dof No 4 7^ kf 11/15/1019 F«d 1000 mg meUmUie TbefipirMin Uie 
columns IndicAtf mgs of mel^ice oxalato found in the uriDOS totaling 14S3 mg tbm 
oorrwpood to mg base ■ 86.5^ of th« drug reoorered B«tw«n 9 and 24 houn 100 
<0 water were drunk and 191 ec unne ejwt^ed The melarnlD« curve Indicates the con 
centratioaa In which the drug vas excreted in the urines 


aul(r« Ml**!"* 4wrijn4v^mit manimf 


Hematocrit figures 

38 6 S6 5 

M 6 

35 0 

S5 0 

43 0 

Plasma total K 

0 039 

0 903 

0 054 

0 927 

0 967 

Plasma NaCl 

0 604 

0 030 

0 610 

0 617 

0 619 


due to the excretion of the rather insoluble dimelamlne-monophoephate The 
total of the excreted melamine can be obtained b> adding to the worm unne 
powdered oxalic acid to a final concentration of 1 per cent Thus the still 
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mg /kg melamine, aa one per cent solution m saline Thej excreted m 6 hours 
219 6 cc of shghtly acid unne -131 6% of the fluid (166 9 cc) administered 
ihe urine i\as boiled wnth charcoal, filtered and cooled overnight 391 mg 
crystals as fine vhite needles were isolated and tince reco'stallized from 200 

parts of hot -nateriDimelamine monophosphate Anal calcd for CeHisOiNuP 
(350 14) C, 20 56, H, 4 32, P, 8 86 Found C, 20 08, H, 4 49, P, 8 10 
To the filtrates o\ahc acid uas added up to 1 per cent and the mixture was 
cooled The crj'stals, 1308 mg , were tmee recrjstallized from about 200 parts 
of hot 1% oxalic acid solution, and the silky fine needles Mere m ashed uith cold 
M'ater Monomelamme-monooxalate Anal calcd for CtHsOtNe (216 01) 
C, 27 77, H, 3 73, N, 38 88 Found C, 27 23, H, 316, N, 3887 Total 
melamme recovered m 6 hours 834 mg —50 per cent of the amount fed 
Excretion of melamine in the nrtne of dogs Dog No 1, 6510 g , fasted over- 
mgbt, was fed 125 mg /Kg melamine By treatment of part of tlio unne 
collected in 5J hours with oxalic acid, isolation of the precipitate and recrystal- 
hzation from hot 1% oxalic acid solution by aid of charcoal 200 mg of long, 
fine white needles were isolated Monomelaimne-monooxalate Anal calcd 
for CtHsO^N. C, 27 77, H, 3 73, N, 38 88 Found C, 27 11 , H, 3^9, N, 38^1 
Dog No 3, 4880 g , fasted overmght, was fed 610 mg —125 mg /kg melamme 
The unne excreted in 6 hours was collected by cathetenzation and yielded after 
coolmg 130 mg crystals which were recrystallized three times from hot water 
Dimelammemonophosphatc Anal calcd for CeHuOiNuP P, 8 80 Found 
P, 8 53 From the filtrates 561 6 mg melamme oxalate were isolated by precipi- 
tation wath oxalic acid Total yield m melamme base 374 4 mg —61 3% of 
the amount fed 

Dog No 4 was used for 17 exiienments done in at least one week intenrals 
oxer a period of 6 months, with various doses of urea, melamme, adenine sulfate 
and formoguanamme The substances and doses w ere not chosen m systematic 
order Increased doses of these diuretics produced distmctly mcreased diuretic 
effects So it w as possible to get information on the potency of the new diuretics 
relative to urea For this purpose pnmanly those expenments were utilized 
m which the main diuretic effect w as over m 5-6 hours after admmistration of 
the drugs The total excess of the urmary output for 5 hours over the mean 
output of the prepenod was plotted against the log dose (in mM/kg ) of the 
particular drug, and the antilog of the distance of the dose action cun e from 
that of urea indicates then the relative potency of the drug for the dog (fig 4) 

An experiment done imder similar experimental conditions on the same dog 
which was fed a large dose of theobromme, 072 g /kg —4 mM/kg was disap- 
pomtmg as were the results on rats with the xanthme diuretics The excess of 
unnary excretion over that of the prepenod m 5 hours was only 16 5 cc , and 
the concentration of colormg matter in the unne at the height of diuretic action, 
was hardly less than before, crystalluna was observed Since this dose of 
theobromine is already m the toxnc range it could not be mcreased further 
The figures for the diuretic effects m do^ arc more scattered, although ob- 
tamed from the same mdividual, than in different groups of rata, and it appwre 
that the rat assay method for diuretics is the method of choice Nevertheiess 
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the sequence of the diurebcs concerning their potency was found to be the same 
on the dog as on the rat (table 2 ) fact seems hnportant because it allows 

cc • 



JO ^5 ic mg/Aa ADENINE iULFATE 

is 60 /29 500 MELAMINE. 

UREA rrtg/fc^ rko J'Uo zho 

Tia 4 

US to dra^ concluaione from the reeults gamed with the rat assay method to 
effeotfl on higher animals and even to therapeutic doses for the patient The 
same sequence ivas seen (2) when the activitiee of diuretics In common use as 
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found by this method were compared with the average therapeutic doses em- 
ployed in patients This also is shown m Table 2 
2 Melamine on digitalized animals Prelumnary chmcal observations 
with melamme on digitahzed patients suggested the possibihty that melamme 
caused a mobihzation of digitalis from the depots m the body, and that sub- 
sequent doses of digitalis administered a ere then unexpectedly potent on the 
circulatory system Therefore, experiments acre performed to throw hght 
on this matter Experiments on 34 digitalized and 10 normal cats were done 
The animals a ere digitalized bj' injectmg intramuscularly on four successive 
days the same dose of Digifohne-Ciba On the fifth day half the number of 
cats were fed 125 mg /kg melamme and, 1| to 4 hours later, followmg the U S 
Pharmacopoeia itechmque the lethal dose of standard digitalis powder U S P 


TABLE 2 


DKCrO 

WTOtic Acrmry (w 


Jut 

T>og 

Patient 

Urea 

1 

1 

1 

Melamme 

76 5 

18 6 


Adenine 

ISS 

72 S 


Fonnoguanamine 

347 

146 0 


Ammonium chloride 

2 7 


2 

Potassium acetate 

3 4 


2 1 

Potassium nitrate 

3 9 


4 0 

Thoobromme 

7 2 


160 0 

(Caffeme 

32 0 


625 0) 

Theophyllme 

115 0 


480 0 

Salyrgan 

400 0 


1260 0 


XII was estimated on these cats as well as on the digitahzed control cats By 
assaymg the powder on normal cats it was ascertamed what amount of digitalis 
was present m the digitahzed cats m the Digifolme depot No significant 
difference m the fatal dose of digitahs standard powder was found between dig 
itahzed cats fed melamme and sunilarly digitalized control cats 

Smce cats m general do not respond readily to diuretics correspondmg axpen- 
ments were done on dogs m which 125 mg /kg melamme had been proved to 
be defimtely diuretic The lethal dose of the digitalis standard powder was 
first detennmed In agreement wnth previous workers (12) it was found that 
dogs are less sensitive to digitalis than cats, but that preparations of digitalis 
can be assajed satisfactorily on dogs The dogs were anaesthetized by sub- 
cutaneous mjecUon of 0 01 g /kg morphme sulfate, and an hour later the digitalis 
assay was started foUoinng the procedure with cats 

The mean lethal dose of the digitalis standard powder for 23 dogs was fi^a 
to be 1 7 times that for cats 1 cat umt (C U ) =0 56 dog unit (DU) is 

ratio IS identical with that of Haskell and coworkeis = ca^ 

that of David and Knshnaswami ratio 1 1 68 (12) The results on digitalized 
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doga with and without melamine are presented in the condensed table 8 Again 
aa in cats no eignificant difference in the fatal doee of standard digitalis powder 
on digitahred dogs was found whether or not they were fed dhiretio doees of 


TABLE 8 


XXTO* 

■m 

ao. 

m 

»OM 

TnAIOR 

ptoaua 

va.r zn 
■XAjr TAun 

aoex 

1 

4 

None 

•tvir 

132 3 


4 

Pretreated with tot&l 1 0 U » OAO D D f l>lcifollne me«n 
loM In weicM 448 c DlciUlU depot 0^ DU- U£% of 
inieeted 

92 1 


4 

Pratreated with toUl 1 0 U Dlsifolloe mean loas In weicht420 
g Fed 125 ma Ac tneUmine 2| boon before anajr 

76 5 

2 

4 

None 

118 6 


4 

Pietreated with total 1 C U Diclfolioe meen Ion 

InweicbtlMg DlfltaltidepotOJWD U - 28 4%of bjeetad 

09 0 


6 

Pretreated with total 1 C T7 Dlgifollna mean loo In weight 852 
g Fed 125 mgVhg melamine 21 houn before the aany 

07 5 

8 

4 

None 

U8 8 



(Nine does in all were Injeoied 1 C U OJO D U Digifoline 

dally two died on the third day and two more on the fourth 
day) 



3 

Pretreated with 11 C U » 0 75 DU Dlcifoline mean lota In 
weight 363 g Digltalii depot 0.867 D U *■ 47 0% of injeeted 

76 4 


2 

Pretreated with total 1} C U Digifoline mean loea In weight 
415 c Fed 125 mg^kg melamine 2) houn before the aaeay 

60 1 

i 

8 

None 

119 3 


4 

Pretreated with total lAOU —0 61 DU Digifoline meanlo« 
tnweigfatSSSg Diptalia depot 0A85 D U — 63 J% of Injected. 

73 4 


4 

Pretreated with total ItV C U Digifoline meau loaa in weight 
420 c Fed 125 mg Ag melamine 2} houra before the aaaay 

04 8 


0 U — e»t unit 
t D U “ dof unit 


melamine, and no toxic ndewiction of the melamine was apparent Digitalis 
from a depot m nonedematous ftnhrials is not mobihxed bj melamine 

3 The coubination or diuheticb with the AjmniUREnc hoeuonel 
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Divergent results have been reported by Mohtor and Pick (13), and Walker, 
Schmidt, Elsom and Johnston (14) concemmg the effecbveness of the anti- 
diuretic hormone m counteractmg \anthine diuresis, and by Fulton, van Aucken, 
Parsons and Davenport (novasurol) (15), and Walker et al (salyrgan) (14) 
m counteractmg mercury diuresis Therefore, the question was mvestigated 
agam on rats, m nhich diuresis nas produced by tap water, large amounts of 
sahne, urea, caffeme, and the new diuretics presented m this paper 

Procedure Male rats as used in the diuretic expenmenta (1 , 2) were fasted overnight and, 
in most instances, also depnved of water As a rule thej were fed 25 ec /kg liquid, and 
simultaneously 2 ec /kg Pitressin (Parke Davis) diluted with saline was injected so 
that 10 100 mu/kg were administered The output of water was determined as 
prescribed by Burn (16) and also the total unnarj excretion in 6 hours measured (2), so 
that the degree of diuretic response could be estimated In most instances the rat groups 
were reused in multiple experiments in order to avoid errors due to a different sensitiveness 
of the groups 

It was confirmed that water diuresis (tap w ater, sahne) is delayed consistentlj 
by doses of pitressin as small as 1 or 2 mu/IOO g rat when mjected subcutaneouslj 
On the other hand, the diuresis produced by any of the diuretics tested when 
dissolved m sahne, w as x ery httle sensitive to the anti-diuretic hormone (table 4) 

The fact that Mohtor and Pick observed delay of the urinary excretion by 
the hormone when xanthme diuretics were administered seems to find its ex- 
planation m the particular conditions of their experiments They used dogs 
which were not only treated with the xanthmes but also fed 250 cc (about 30 
cc /kg ) of tap water No distmotion was made between the diuresis mduced 
by the water and that due to the diuretic This must be considered m relation 
to the fact that the dog does not respond well to xanthme diuretics (;'■ Schroeder 

[17) ] Actually, Wallace and Pelhm (18) found a marked antidiuretic effect 
of xanthmes on dogs kept m salt and water equihbnum The experiments 
on rats (table 5) demonstrate that the greater the inhibition resultmg from the 
antidiuretic hormone, the greater is the relative effectiveness of water m com- 
parison wuth the \anthmes The data m Tables 4 and 6 from rats m which 
pitressm was not used, also show that diuresis produced by urea and the newer 
diui^tics lasts longer than that from water, while caffeine has the shortest action, 
similarly the figures for the time of the highest rate of excretion are highest with 
large doses of urea etc , low er for tap water and sahne, and again defimtelj lower 
for caffeme Therefore, the possibihty that secretion of antidiuretic hormone 
IS the hmitmg factor for diuresis (19) by xanthmes and simiiar substances (2) 

13 ruled out because, w hen they were gix en m salme, the diuresis w as not influenced 
by small amounts of mject^ antidiuretic hormone As Wallace and Pelhm 

(18) pomted out long ago, the xanthines seem to be able to produce diuresis onlx 
when excessive water is available m the tissues (Lipschitz and Hadidian [1]), 
and the stimulation of the kidney by xanthme diuretics is small m comparison 
with other diuretics 

4 Toxicology of the new niURinics For rats the diuretic dose range 
of the new diuretics has already been reported (1), and much larger doses fed 
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to such animals bad no appreciable toxic efiFects From this it appears that 
the therapeutic dose-range of these substances, similar to that of urea, is rather 
broad (table 6) 

Secondly, it appeared from section 1 of this paper that a dog (No 4), iihen 
treated 15 tunes withm 7 months inlh small, medium or large diuretic doses 
of all three of the nei\ diuretics successively did not show any untow ard effects, 
except thirst and fatigue at the end of some expenments There were no 
significant decrease of ireight, or pathological features of the unne or alteration 
of the general ajjpearance and behavior of the animal When it was sscnficed 
and autopsied nothmg abnormal was observed m gross appearance or m histo- 
logical shdes from the kidneys, hver, spleen, pancreas and thj roid gland The 
bidder showed evidence of chronic c>6titis and contamed a big stone, but this 
was attnbuted to the more than 150 cathetenzations 

To enlarge the information on possible toxic effects of these substances they 
were daily fed to five male rabbits (1 mbIAg melamme) and three female dogs 
(1 mM/lg melamine, 0 173 ntMAs adenine sulfate, and 0 108 mMAg- formo- 
guanamme, respectively) for one to four weeks In several instances the bod> 
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temperature of the rubbitB i\as followed for hours after admimstratioa of 
melammo but only on insignificant rise wm noted 
Groes and histological examination of sections taken from heart, lung liver 
spleen thyroid pancreas intestines kldnoys and bladder of the animals did 
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not show pathological changes related to the drugs fed (Dr A L Joyner) A 
tone of fat was found in the Inner part of the renal cortex in two dogs but also 
m the ladneys of three out of four female control dogs of which one was lactating 
(Dr F I Desaan) 
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Several experiments were done v.ith tnlraiemus mjections of melamine and 
formoguanaimne into cats anaesthetized mth ether, blood pressure and respira- 
tion ere recorded The effects of epinephrine and histamine u ere standardized 
on four cats, folloiving this, they were injected with 0 32 mM/kg melamme, 
1 mMAg melamine acetate m two portions wuthin 6 mmutes, 0 33 mMAg 
formoguanamine and 2 16 mM/kg ' formoguanamme dissolved in \ery dilute 
HCl, m four portions within 10 imnutes, respectively There occurred neither 
a drop m blood pressure nor a change m respiration, and the cats afterwards 
responded normallj to epinephrme or histarame 

Smce ademne m doses of 1-2 g has been used rather extensively for mtra- 
V enous injections on patients (Rezmkoff (20)), and Gropp (9) has shown recently 
that the blood pressure of the rabbit is v erj little affected by it, further experi- 
ments were not considered imilortant 

STOIMAE1 

1 Melamme, ademne sulfate and formoguanamme, which by the rat assaj 
method were found to be potent diuretics, proved to be active also on the dog 
Taking the urea potency as 1 m the dog the activ ities of the three compounds are 
m the order of 18 6, 72 5, 145, respectively These correspond to the rat figures 
76 5, 139, 347 The drugs increase the output of NaCl as well as water m pro- 
portion to the dose 

2 Melamme is excreted m the dog or rat partlj as the crj atallme dimelanune- 
monophosphate The total can be isolated from the w arm urme bj precipitation 
with oxahe acid as the crystallme monomelamme monooxalate, and 60-86 5 
per cent of the melamme fed to dogs was recovered m the unne m 24 hours 

3 Melamme fed m diuretic doses to digitahzed cats and dogs does not change 
the fatal digitahs dose 

4 Diuresis produced specifically by urea, caffeme, melamme, ademne or 
formoguanamme fed m salme to rats, is httle affected bj pitressm — m contrast 
to w ater diuresis The hormone, therefore, cannot be considered as the limitmg 
factor which controls xanthme diuresis 

5 No significant toxic effects of the three new diuretics were found when 
large doses w ere admmistered orally or mtrav enously to rats, rabbits or dogs 
This IS smular to common expenence with urea, and m contrast to the xanthines 
and the mercury compounds 
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STUDIES ON SHOCK INDUCED BY HEMORRHAGE 

XI A Method for the Accurate Control of Blood Pressure* 

PAUL D LAMSON xsd WM E De TURK 

From the Department of Pharmacology, Vanderbilt University School of Medicine, Nashville, 

Tennessee 

Received for publication January 12, 1046 

Although “shock” is a symptom complex well recogmzed by the surgeon, 
no satisfactory defimtion hM yet been given it, for the very good reason that 
we do not know what shock is Not knowing what shock is, one can hardly 
expect to devise methods for accurately reproducing different degrees of this 
condition For the experimental study of shock and its therapy we are offered 
two methods of approach In the first, we fix the amount of mjury and get 
varymg effects, as individuals vary In the second, we fix one effect of injurj’’ 
and necessarily must vary the amount of injury In the method here descnbed 
we fix an effect, namely, a given lowering of blood pressure by hemorrhage 

A carmula is inserted mto the femoral artery and coimected by means of a 
rubber tube to a pressure bottle which is set at a height above the dog’s heart 
at which the column of blood to the bottle wnll support any pressure which one 
wishes to mamtam When the artery is opened blood will run into the bottle 
and the blood pressure wdl fall at once to the desired shock level Bleedmg 
will continue until an eqmhbnum is reached and then blood will be found to 
flow m or out of the animal in small amounts, dependmg upon the animal’s 
condition, but the pressure will remain constant as long as the animal is able to 
mamtam it If the femoral carmula is very small, pressures taken from the 
carotid artery wdl show shght fluctuations due to the inability of the blood 
to pass through the cannula rapidly enough to compensate for vascular changes 
which are constantly takmg place, but wnth a large cannula these venations 
m pressure are too small to be observed The animal is hepannized and heparm 
placed m the pressure bottle 

We have found that tune can be saved by using metal carmulae which join 
by means of a turned tapered joint with a second piece mserted m the end 
of the rubber tubing 

In our early work, we arranged what we have called a “spill over ” That is, 
the tube from the femoral artery was so arranged that blood would “spill over” 
at the desired level and none would return to the dog, but this allows consider- 
able variation m pressure and many animals will not last for the desired length 
of tune without a considerable fall of pressure unless blood is allowed to return 
We have discontmued the use of this method but have mcluded figures obtained 
with it for the sake of comparison with our other procedures 

1 The work deacnbed m this paper was done under a contract recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop 

ment and Vanderbilt Umversity ,,,,,, x 

Permission to publish this paper was granted by the Committee on Medical Research 

OH December 26, 1944 
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Wo had hoped that a standard set of figures could be obtained for reference 
but as our experiments were earned out without due attention to environmental 

TABLE 1 
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temperatures the results serve onl> to show the variation in mortahty rate with 
exposure* to several pressure le>els for vnnous penods of tuna. Our uorW was 
be^n m the isintcr and several hundred dogs shocked by this method during 
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the spnng and summer months It was found that m Julj and August, nhen 
the temperature of our laborato^’ reached 105°F almost dailj, animals which 
had inthstood an e\posure to pressures of 50 mm Hg for one hour and then to 
30 mg Hg for half an hour w ould die before the time w as up Later, many died 
m less than an hour when exposed to a pressure of 50 mm Hg These expen- 
ments confirm the work of Cleghom (1) and others who ha\e reported similar 
effects of temperature on the resistance of animals to shock It might be w ell 
to mention in this connection the work of Go\ier (2) who found in experiments 
earned out here that the \ntamin content of the diet greatly affected the re- 
sistance of dogs to shock from hemorrhage 



Fio 1 CtRVES mou Two Docs 

At A and at D the artery was opened to the pressure bottle At B and at C the pres 
sure bottle was raised 


It IS possible to drop the pressure m stages by setting the pressure bottle at 
the dog’s normal pressure and then lowenngit in stages, or one maj mechanically 
lower the bottle at a constant rate so that it wall reach the desired let el m a 
fixed time, in which case a smooth curve can be obtained If one retcrs&s the 
above procedure and, after the animal has been shocked, places the blood sub- 
stitute to be studied in the pressure bottle set to giv e anj desired pressure, one 
may cempare the rate at which this solution is taken up by the ammal vnth 
that of other solutions The difference in rate of uptake is verj staking when 
different solutions are used, as reported by us elsewhere (3) 

COXCLUSIOXS 

A method has been desenbed for the accurate control of blood pressure dur 
mg the production of shock bj hemorrhage 
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THE CX)MPARATIVE PHARMACOLOGICAL ACTION OF 
SOME PHENYL- CYCLOHEXYI^ AND 
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Since the publication of the reAilta of Barger and Dale’s classical investigation 
of the relationship between nhpmiftwl stractnre and sympathominietio action 
there have been prepared many new compounds based upon the phenethylammo 
nuoleus and aunilar in stnictore to eplnephnne but having somewhat difforent 
pharmacologio actions These compounds differ from each other in the number 
and nature of the groups substituted on the beniene nng and m the number and 
arrangements of the carbon atoms m the alkylamme side chain 

A few publications have described the pharmacology of compounds m which 
cyoho arrangements other than the benzene ring have been incorporated into 
the general sympathomimetic structural pattern Tainter (1) described tbe 
pressor action In cats of $-2 thienylethylamme, and Schulte, Reif, Dacher 
Lawrence end Tainter (3) tbe effect of this subetanoe on the motor activity of 
rats Alles and Feigen (3) have deacHbed the pressor action of ^2'thJenyl 
and 0 2*furylisopropylaimne and Gunn and Gurd (4) the pharmacology of 
cyclohexylmethyl a and /Sf-cyclohexylcthyl /J-cycIoheacybsopropyl and 0 
oyclohexenyhsopropylamines The results obtained with theee compounds are 
of considerable theoretical interest and suggest the possibility that organic 
stnioturee of this type may be of therapeutic value. 

A number of cyclobcxyalkyl and eyclopentylalkylairunes have been eyn 
thesiied by Blioke and Monroe (5) and BUcke and 2heDty (0) and made available 
to this laboratory for pharmacologic investigation In the present comraunica 
tion, u'e hav-e described the actions of ten of these comparing them with the 
corTEspondlng phenylalkyletmnes when these were available 

1 Pressob action Dogs were aneslbelixed with sodium pentobarbital 
atropmlzed and the carotid blood pressure recorded Injections were made 
mto tbe exposed femoral vein and the resultant changes m blood pressure com 
pared with thoee obtained following the injection of epmephrine and Neo-Syn- 
ephnne All amines except epinephrine and Neo^ynephrine were daeolved 
In distilled water to make a 1 per cent solution of the hydrochloride salt Table 
1 Bummanies the action on blood pressure. In order to avoid the repetition of 
chemical names in subsequent discuasioD the abbreviatiotis indicated in poren 
theses in this table will be used 

Compound MOH is most active In elevating blood pressure (table 1 and 
figure 1) being appraxhnately as active as epbedrine about Vr as active es 
Neo-Synephnne and as active as epinephrine. Compounds ECH MCP 
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TABLE : 

Antilles studied and Oieir eiciion on the heort and blood pressure 
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All oompoundi *re the amine hydroehlorldeo 
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and MCH Propyl are less active and EPh and ECP are least active Compound 
EPh 18 quite unpredictable in action causing nses m about 60 per cent of all 
experiment*, the rise sometiraes being preceded by a fall causing only a fall m 


A 





Fio 1 Chamoes IK Carotcd Blood Pusssubb and Naaal VoLtms ik Tttx Doo 
Tbe T Irtdicatet the time of iojoatioa of Ute dnig All iDjeotione were into tbo 

femoral vein 

blood pressure in about 26 per cent of the experiments and vs without effect m 
another 26 per cent With DMPh there is sometimes a transient rise in blood 
pressure but as with EPh sometimes only a fall in pr es sure results DMCII 
and DMCP cause transient falls m blood pressure the tertiary diethyl-^J-cyclo- 
hexjl and -^J-cyclopentylethylamines cause distinct falls m blood pressure 
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As Gphednne, cocainization diminished the nse in pressure obtained mth 
the vasopressor compounds In this respect they resemble the ncak \asocon- 
stnctors studied by Tamtcr (7) Compounds containing the cycIohe\yI nng 
were found to be somewhat more effective than their corresponding cyclopentyl 
analogs in elevatmg blood pressure Those compounds causuig nscs in blood 
pressure did not cause any apparent constnction of the conjunctn nl blood vessels 
of rabbits However, marked shnnkage of the nasal mucosa of dogs residfed 
from their intravenous mjection (figure 1) 

2 Action on thf heart Recordings of the action of the left ventricle of 
6 vagotomized dogs were made by means of a Cushny mj ocardiograph Posi- 
tive artificial respiration vas maintained throughout the experiment In tno 
other experiments the pulse rate and blood pressure vere determined, the chest 
not bemg opened or artificial respiration requued All of the secondaiy methyl- 
and ethylammes increased the rate and amplitude of xentncular contraction 
(table 1 and figure 2), the secondary methylamines MCE and MCP bemg some- 
what more active than the corresponding ECH and ECP Compound MCH 
Propyl was found to be only weakly active 

All compounds contammg the phenyl rmg (DMPh, EPh and DEPh) had some 
action on the heart although DEPh was relatively weak and uncertain in ac- 
tion The tertiary d-cyclohexj lethyl- and cvclopentylethylamines were mth 
out definite cardiac action Of the above compounds which stimulated the 
heart, even those that are weakly stunulatmg caused more prolonged action 
than did epmephnne when given m an amount which would cause a comparable 
amount of initial stimulation In this respect, their action most resembles 
ephednne In a few instances with the most active compounds, there was evi- 
dence of stimulation for as long as 10 minutes following injection 

3 Action on respiration Respiration in the anesthetized dog was re- 
corded kymographicalJy, the recording tambour being attached to the tracheal 
cannula Observations with some compounds were obtained from as many as 
8 dogs Only the tertiary dimethylnmmes had any significant effect on respira- 
tion 'With the exception of DMCH Propyl, intravenous injection of 0 1 to 
1 0 ragm Agm caused distinct increases in both the depth and rate of reBpiro- 
tion which lasted for approximately 1 mmute (table 2 and figure 3) Arranged 
in the order of their effectiveness they are DMPh > DMCP > DMCH > 
DMCH Propyl In a few instances the hjdrochlondc salts of straight cham 
dimethylamines were tried, as above indicated Butyldimethylamine was 
without any apparent effect, amyldimethjl- and hexj'ldimethylammc caused a 
transient stimulation, and heptyl- and octyldimethylaminc were without effect 

4 Action on smooth muscle a) Small Intestine Determination of the 
effects on mtestmal motilitj may be divided uifo two groups of expenmenis 
1) those on the isolated segment of rabbit jejunum, accordmg to the method of 
Magnus, and 2) those on the small mtestine of anesthetized dogs, motility 
changes being recorded manometncally from a condom balloon inserted into the 
lumen of the jejunum In the first group of experiments the tabulated data w as 
obtained from segments taken from at least G rabbits so that for each com- 
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pound used, data was obtained from a minimum of 6 indivKhials although bqv 
eral compounds ma> be tested on each mtestin&l segment. In the second 
group 3 dogs were used and observations obtained with those compounds found 

>4 





to bo most effective in raising blood pressure Table 3 and figuro 4 gives the 
summary of and lUustratea the results obtamed on the isolated jejunal segment. 
It ehould be noted that on the isolated mtcstlnal segment the tertiary dimethyl 
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Within 30-45 minutes and some mydnasis iias evident for as long as 2^ hours 
Other compounds m this senes u'ere without action 


TABLE 3 

ylcfion on the notated intestine and vtervs 


awouKD 

nOlATCD lABBIT JtjrJMUU 

XtOLATm rXT tJTXJtOT 

Dilation 

RespooM 

DOatioa 

Response 

DMPli 

1-400,000 

1-200,000 

C* or C 
followed 
by R* 

1- 60,000 

Decreased tonus and motility in 
60% of the rats 

EPii 

1- 60 000 

NA* in } 

— R in 1 

1- 60,000 

Decreased tonus and motility in 
60% of the rats 

DEPJi 

1-200,000 
1- 60,000 

C nnd/or 

R 

1- 60,000 

Increased tonua and motility in 

2 out of 3 experiments 

MCH 

1-100,000 
1- 60,000 

R 

1- 40,000 
1-200,000 

Decreased tonua and motility 

DMCIl 

1-200,000 

1-100,000 

C and/or 

R 

1- 60,000 
1-200,000 

Marked increase in both tonus 
and motility 

ECH 

1-200,000 

1-100,000 

R 

t 

1- 60.000 

1 

Decreased motility and tonus 

1 

HECTI 

1-500,000 
1-100 000 

1 

1 ^ 

; 1- 80,000 
1-100,000 

Marked increase in both tonus 
and motility 

MCP 

1-100,000 

i 



DMCP 

1-400,000 
1-100 000 

C and/or 

R 

1- 60 000 

Increase in both tonus and motility 

ECP 

1-200 000 
1-100,000 

R 



BECP 

1-200,000 

1-100,000 

R 

1- 60,000 

j 

Increase in both tonus and motility 

MCn propyl 

1-200,000 

1-100,000 

R 

1- 20,000 
1-100,000 

Moderate decrease in tonus and 
motility 

DMCH propyl 

1-200,000 
1- 60,000 

R 

1- 20,000 
1- 60,000 

Moderate increase in tonus and 
motility 


• C - increased tonus. It ■= decreased tonua, NA - no action 


5 Toxicm Acute toxicity uas determmed by mtrapentoncal mjecUon 
into albmo mice Deaths uere recorded for 48 hours followmg MOec^ion 
rcKuUs obtained arc shown m detail in table 4 


An exammation of this data 
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suggests that a) saturated nng compounds are more toxic than the correspond 
ing phenyl analogs b) the tertiary dimethyl and diethyl-^phenethyl 



FlO 4 E ffBO T ow THE IinatTIIfH 

Heeord of tho tocui and motility of the Uolated }«]imal seementj of rabbits aeeonflog 
to the method of Martna The Dtzmber* represent the final dJlntion of the dmf In the 
muaole bath Tbe t ideates the ad<Qti<nx of the drac to the bath. 


TABLE 4 

AevU tatxctig in oSnm> wtie$ 




IS 

IQ 

iS 

"-I 

•0 

IS 

to 

100 

IM 

m 

US 

uo 






1 










kxm. 













DMPb 

135 








o/et 


2/6 

8/6 

6/6 

EPh 

125 








0/8 

D/10 

16/40 

6/10 

18/13 

DEPht 














MCH 

125 







OAO 

6/20 

5/10) 

6/lC 


10/10 

DMGH 

85 




0/18 


14/40 

10/1 0^ 

8/8 





ECH 

100 



0/6 

1/3 



6/30^ 

6/18 

4/10 

10/lC 


3/3 

DECH 

80 


0/0 


0/6 

6/8 

6/6 







MCPJ 














DMOP 

B5 



0/10 

3/18 


6/lC 


ia/13 




8/3 

ECP 

116 




0/3 




1A8 

6/lOJ 

lO/lC 


3/3 

DECP 

60 

0/10 

4/10 


10/10 




10/10 





MOH propyl 

128 




0/Z 




2/18 


6/10 

7/10 

3/3 

DMCH 














propyl 

185 




0/8 



0/3 

2/13 


0/10 

3/10 

13/18 


Intraperitoneally into albino mice 
t Number dead/oumber Iniected 
t Not determined— insufficieDt amount of drac 
I Doee — 115 mtmVlcBm 


cyolohoxylethj 1 and -^•cyclopentylothylnmineB arc definitely more tone than 
the corresponding secondary amines, o) although tho dita is mcomplete, the 
secondary ethylamines appear to be somewhat more toxic than the seoondarj 
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rncthylammes There was no significant difference in the toxicity values 
obtain&d ujth uieth}'!- and t^in^ethyl-y-cyclohexylpropylanune 
Discussion An examination of the available pharmacologic hterature mdi- 
cates that cjcloalkylammcs have received little attention as sympathomimetic 
agents Waser (8) found an elevation of blood pressure in dogs following the 
injection of /S-cyclohexylethylamme Gunn and Gurd (4) in a much more 
extensive study of compounds of this tj-pe found that the reduction of the phenj 1 
nng of several sympathomimetic amines did not change the qualitative charac- 
ter of these substances Their senes included only a-phenethylamine, /S-phen- 
ethylamine, ivith their reduced analogs and the follovnng reduced amines, 
cyclohexj Imethylamme, d cyclohexyl isopropylamme and ^-(l-cyclohexenyl)-iso- 
propylamine The availability of compounds synthesised by Blicke and Mon- 
roe (5), and Blicke and Zienty (6) has permitted us to extend the mvestigation of 
compounds contaming a reduced nng to include secondary and tertiary methyl- 
ahd ethylcycloalkylammcs not previously desenbed m the pharmacologic 
literature 

/ It IS difficult to compare pharmacologic results obtamed in differentiabora- 
tones where methods of investigation differ and species of animals used vary 
somewhat However, one important difference noted m our blood pressure 
results with dogs, as compared with those obtamed by Gunn and Gurd with 
cats, 18 the appearance in our experiments of an important depressor compo 
nent in response to the intravenous mjection of those compounds containmg 
the phenyl nng This was notably absent from the kymograms obtamed with 
the secondao' methyl- and ethyl d cj'clohexylethjlamines Thus, the “axar- 
age” effect of compound EPh on blood pressure is only slightly pressor due to 
the mclusion of ex-penmen ts where this substance caused only a fall m blood 
pressure On tlie other hand, ECH appears to be considerably more active m 
elevatmg blood pressure, inasmuch as it mianably caused a rise We did not 
haxc methj 1-d phcnetliylammo available for mvestigation However, the 
action of this substance on blood pressure was desenbed bj Tamter (7) xvho re- 
ported essentially the same \anable action noted by us with EPh Methjl- 
(J-cyclohexylethjlamme was found to be somewhat more pressor than ethyl- 
d-cj clohexylethylammc This is m general agreement with comparable data 
on the phencthjlammes as reported by Chen, W u and Hennksen (9) It seems 
not improbable that MCH is less pressor than 0 phenethylamme masmuch as 
Gunn and Gurd report this substance to hnx'c an epmephnne ratio of 50-100 
whereas we found an axerage epmephnne ratio of approxmiately 250 for MCH 
The substitution of a cyclopentyl for a cyclohexyl group reduces pressor action 
Thus MCH 18 more pressor than MCP and ECH more pressor than ECP 
Again, the appearance of a depressor component m ECP considerably reduces the 
axera^ pressor action The lengthenmg of the alkamme side cham to propvl 
as with MCH Propyl distinctly reduces pressor action This substance was 
found to be w eaker m action than either MCH or MCP The vasopressor com- 
pounds desenbed here exerted actions on oUier sympathetically innervated 
stnictures qualitatixelj similar to those noted for sj-mpathomimetic amines 
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Thej cftuee cardiac acceleration mydriasis relaxation of the smaJl intestine and 
uterus (rat) 

The tertiary diinethylaminea appear to have a nicotme-like action Thus 
TTO find that they stimubte respiration and may cause contraction of the smooth 
muscle of the intestme and uterus The actions on arculation ore more van 
able Compound DhtPh sometimes increased blood pressure and heart rate 
whet^ DhICH and DMCP lowered blood pressure and ivero without important 
effects on the heart rate The further weighting of the ammo nitrogen os in 
DEPh DECH and DECP produced compounds that were depressor and with 
the exception of DEPh were mtbout action on heart rate They did not alter 
the respuatory rate It m Interesting to note that although the tertiarj di 
ethvlammes usuallj relax the small intestine they stimulate the uterus These 
(ertiarj amines appear not to be sympathomimetic in action 

Direct companson of the effect of reduction of the phenyl nng on the toxicity 
of the resultant compound mis possible In only one instance (EPh, ECH) 
The results obtained are in essential agreement with the findmgs of Gunn and 
Gurd who reported cyoloaUcvIommes to be somewhat more toxic than their 
corresponding phenyl analogs Further examination of the data reNcals that 
secondary ethylamines ore more toxic than the secondary mcthylamines and that 
the tertiarj anunea ore more toxic than the corresponding secondary amines 
except in the cose of the cyclobexyl y propylaimnea Dimethyl T-< 7 clobe.xyl 
propylamine appears to be sUghtlv lees Unde than meth^l y*c> clohcxj Ipropyl 
amme 


SOiniABT 

1 The secondary methyl and cthyl-^-cj-clohcxylothjUmmes and -^-cjclo* 
pentylethylomines have distinct eyrapathomunetjc actinty Thej elemto 
blood pressure Increase heart rate relax the Intesrtmal musculature and relax 
the uterus (rat) 

2 The secondary methylaimnes are more effective sympathomimetic agents 
than the corresponding secondary ethylamines. Methyl y-cyclohexylpropj 1 
amine is less aoti>e than either methyl-^-o> clohexylethylamme ormcthjl-^ 
cyclopentylethylamine 

3 The tertuuy diraethj 1-^ pbenethyl -^-cyclohexylethyi -^-cyclopcntj 1 
ethyl and y-cyclohexylpropj larames exert a mcotine like action in that thej 
mcrcase the respiratory rate and stimulate the smooth muscle of the mtestmo 
and uterus Effects on blood pressure ore variable 

4 The tertiary dlethylainines m this senes lower blood pressure and de- 
press the actl\^tv of the mtcstmnl musculature They stimulate the uterus 
(rat) 

6 Where direct oomponson was possible cthyl'/S-cycloalkylethylamines were 
found to be somoxvhat more taxic than the corresponding phcnethylominc The 
tertiary dimethyl and diethj l-^-cycIoalkylethylammes were found to be more 
toxic than the corresponding secondary methyl and ethyiomme 
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THE EFPECrr OF HEPATOTOXIC ALKALOIDS ON THE PROTHROM 
BIN TIME OF RATS 

CHARLES L ROSE ROBERT D FINK PAUL N HARRIS amd K. K CHEN 
Fron LiUjf Ranrek LaboralorUt Elt Lilly and Company Indianapdii 
Received for pnbUeeUoa Jeiniai 7 20 1M6 

Liver injury due to pathologia processes or toxic agents is frequently oaso 
dated with hypoprothromWnemia Of the latter chloroform phosphorus 
and taiuuo add aro examples as demonstrated by Smith and his co-workere 
(I 2) and Wdla Humphrey, and Coll Ptovioub reports (4 6 C) from this 
laboratory showed that many alkaloida of the 5mmo species and monocrotalme 
of Croialana tpedahUis produced neortwia of the mouse s or the rat's liver 
It was repeatedly pomted out that sinusoidal congestion and hemorrhage mto 
the cords of cells occurred with the hver necrosis The present series of expen 
ments was earned out to determine (a) any changes in the prothrombm tune 
of rats following a single intravenous injection of senedorune retrorsine ptero- 
phine spartiQidine, monocrotaline or sceleratine, (b) any similar action poe 
sesaed the degradation products of retrordne and monocrotaline and (c), 
any antagonlxmg effect by menadione (2 methylnapbthoquinone), or other 
dietary factors If hypoprothrombinemia could be demonstrated witb the above 
alkaloids 

Tbe iTiethMl for proUirombiD detertnloaiioD wm eMentisOy tbftt of QoJek (7) In rets 
a plumA dilation on2Jr% UEdrocmtedbylJiikfS) was found moatntisfactory 'Hnasg 
□ten (Br^ ThromboplutlQ Soipenaioa IJIly) wu employed u tbe tbromboplastie 
agent. This product would not ]^ld absolute prothromUn time bat it gave relative 
valaes suitable for eomparatlTe purposes Uw chief advantage of which was ite stability 
Fresh aolutlou were made by dilating a volume of 1 ee with 49A eo. of 0St% solution of 
sodium chloride and 49A cc of OnS if solution of anhydrous ealdom chloride Readlnp 
of resulta were made In front of a beam of strong light The mean (geometrlo) prothrombin 
Ume observed on 30 normal rats was 99.8 ±07 seconds 

Healthy rats weighing 74-165 g wereemployed All Inieetlons wero made In a tail vein 
Solutions of the alkaloids were prepared by dissolving weighed amounts in equiDwjIeeular 
quacUUss of hydrochlorle acid 

For the first expenmenta rata were aacrificed at vanoua intertTila followin g 
mjection of different alkaloida and their blood token from tbo heart was sub- 
jected to prothrombin detonmnatlon Only m exceptional caaea were two 
cardiac punctures made Tbe reaulta are summariKed In table 1 The values 
for retrorsine pterophine and spartioidine were baaed on smgie animala thoee 
for eenedonine on the average of dupheatea thoee for monocrotahne were re- 
corded aa follows — with a dose of 330 mg per kg smgie animals were used for 
3 separate intervals with 120 mg per kg 8 were sacnficed at tbe end of 4 
hours 6 at the end of 8 hours, and 12 at the end of 24 hours and utth doncs 
of 00 and 46 mg per kg. all rats were Wed tvdee by cardiac puncture With 
sceleratlne single animals were sacnficed at the end of 48 and 72 hours on the 
30fi 
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dose of 200 mg per kg , nhde the remaining figures in table 1 nere the averages 
of 2 rats Tliese data clearly indicate that 5 out of 6 alkaloids defimtely pro 
long the prothrombin time of rats Mhen compared wth the normal value of 
39 8 ±07 seconds, and sceleratino, the sixth member, has the same tendency 
although to a less degree The amount of each substance reqmred to mduce 
hypoprothrombinemia is in the neighborhood of the median lethal dose (LDjo) 
or greater, ns judged by rctrorsine and monocrotahne 

TABLE 1 


Hypaprothrombtnemic action of hcpalotoxic alkaloids 


AUCALOQ) 

BOLU 

TlOK 

no 

or 

KATB 

D01£ 

noTBEoirtm Tiiir (»rcoND«) 

Time ft/tcr lojectloa Oiouti) 

2 



8 

12 

u 



32 



Senociomne 

% 

1 

10 

Wit 

perkt 

70 

43 



162 

ISOO-I- 

1800-1- 

1 

1800+ 

1800+ 

1 

mi 

Relrorsine 

1 

B 

70 

m 

IB 

90 


220 

■ 



■ 

■ 




B 

66 

B 

E 

46 

48 

63 

■ 

61 

46 

Bi 

B 

H 

Pterophinc 

1 

7 

90 

65 

42 

55 

m 

02 

90 

■ 

570 


s 




7 

80 

47 

47 

38 

54 


181 

■ 

1800+ 

360 





8 

40 

D]| 

47 

38 

36 

40 

48 

■ 

46 

46 

■1 


Spartioidine 

1 

3 

100 



70 

■ 

■ 

540 

i 

420 

■ 


B 



1 

SO 
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Bi 

m 

fl 

Monooro 

6 

3 
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00 


r 
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360 
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25 
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61 
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90 
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46 
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46 

40 

Soolerntine 

10 

s 

425 
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90 


68 



60 

66 




6 

420 


■ 

43 


60 

36 
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10 

200 
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01 


47 

60 


66 


47 

42 



10 

130 


45 


61 

67 

65 



62 




As pomted out in previous publications (4, 5, 6), extensive hemorrhage mto 
the cords of liver cells, mth or nithout much evidence of hepatic necrosis, 
was observed in those animals which had hved for 24 hours or longer foUoiving 
an intravenous injection of lethal doses of the hepatotoxic alkaloids This 
hemorrhage may w'ell be a direct result of hypoprothrombinemia, leading second 
anly to necrosis of liver cells Two other possibihties, howeier, cannot be 
ruled out First, hypoprothrombinemia and necrosis of hver cells, together, 
may result in hemorrhage, and secondly, the hemorrhage is secondary to necrosiB 
of 111 er cells A direct deletenous effect of the alkaloids upon the liver cells is 
possible, since necrosis of single cells or groups of 2 or 3 cells was noted micro- 
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ecopically without associated hemorrhage in some animali which were killed 
within 24 hcnirs alter the administration of the alkaloids 
The second senes of expenments was undertaken to ascertam whether or not 
the cleavage products of these alkaloids possessed a similar action upon the rat’s 
prothrombin time Retroreine and monocrotahne were employed as test ex 
amples According to Manako (9) and Adams, Rogers, and Long (10), the 2 
alkaloids can be hj^drolysed m tho following manner 

Retrorsino — ♦ Retroneclne + Retronecio lactone 
Monocrotahne — » Retroneoine + Monocrotahe aad 

It has already been pomted out previously that largo doses of retronedno In 
mice injected inlnvcnoualy caused immediate death but no liver injury (0) 

TABLE 2 


Inln*cn<m$ loncti]/ oj rilrvmnt monocntalin* and Oitir dtffradalwn prodatit 


1 

•ottmrw 

AJmtAt 

mnon 

njraD 

son KAXOX 



% 



«##*'** 

"t hr h 

Ratrordns 

1 

mice 

40 

62- fiO 

88 8 ± 6 3 


1 

rats 

80 

30- 90 

38 4 ± 3 8 

Retronadrw 

5 

mice 

80 

8«0- 700 

684 0 ±38 0 


. 10 

raU 

18 

900-1400 

1311 0 ±63 6 

RetroDede Itctooa 

6 

, mica 

2S 

400- 600 

497 7 ±18 g 


10 

rata 

28 

400- TOO 

589 8 ±17 7 

MotKxrrotaUDs 

6 

mice 

63 

300- 400 

201 3 ±12 6 


5 

1 rata 

47 

TO- 140 

91 7 ± 8 8 

MotiocroUUo acid 

6 

mice 

20 

600- TO 

606 0 ±10 3 


10 

1 rata 

20 

600- TOO 

6S0 8 ±17 0 


As a prohrainory stop to the present investigation median lethal doses of re- 
tronedne monocrotalio acid, and retroneac lactone >vere determined m both 
mice and rats and compared with those of retroisine and monocrotalme as 
shown m table 2 It is obvious that tho degradation products are less toxic 
than Che parent alkaloids la contrast ivith retrorsino and monocrotalme, 
which produced delayed deaths, excessive doses of the degradation products 
either Idllod mice and rats promptly or not at all Thcro a as no nccrotjs of the 
hver in those animals ahich survived the suWcthiil doses — they aTTO sacrificed 
m 3-5 days 

Two rats received mtravenoualy, retronedne m tho doee of lOCO mg per kg. 
2otherB retroneac lactone in tho dose of 500 mg per kg and still 8 others mono- 
crotahe acid m the dose of 600 mg per kg. Thej were Wed twice or three times 
by cardiac puncture at the end of 12 2-1 and 48 hours All blood samples 
were tested for prothromhm time The mean (goometnc) of 20 determinations 
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was 31 0 =b ] 3 seconds, as compared inth 39 8 ± 0 7 seconds for the control 
animals— a slight shortening of prothrombin time, in fact In other Kords, 
the degradation products haie no hypoprothrombmemic effect in rats This 
18 in harmony inth the observation that the same substances do not cause hver 
necrosis Tims, intact molecules of the natural alkaloids are required to in- 
duce hypoprothrombmemia and hepatic damages 
The next senes of expenments vas designed to detect any possible antagomsm 
between xntamm K and hepatotoxic alkaloids The latter were agam repre- 
sented by' retrorsine and monocrotalinc Four groups of 18 rats were fed a diet 
containing 0 05% menadione The average daily intake per capila was about 
5 mg After 10 day's, the rats were injected intravenously with 2 dose levels 
each of retrorsine and monocrotalme, respectively, as shown in table 3 All 
sun'ivmg animals were sacnficed at vanous mtervals, and their plasma pro- 


TABLE 3 

Aciton of retrorsine and monocrotalme in menadione treated rats 



1 



P*OTH*OUBU« TDOS (ttCOTOS) 


ALKALOID 

KUUIEl 
or lATS , 

DOSE 1 


Time after Injection (hour*) 



1 


8 

16 1 

1 

1 18 

72 : 

96 

Retrorsine 

1 

16 

mg ptr kg 

70 

43 

63 



44 

38 


. 1 

46 

43 

62 



41 

37 

Monoorolnline 

■■ 

90 

41 ' 

46 

61 

40 

43 1 

47 


■I 

70 

48 

39 

34 1 

36 

37 1 

36 


thrombm times deteimined The values in table 3 were averages of 2-3 am 
mals There is an apparent inhibition of the hypoprothrombmemic action, 
being particularly coni'incmg wnth retrorsme in a dose of 70 mg per kg , and 
suggestn e in other instances Menadione does not completely detoxify these 
alkaloids, because 3 rats died with retrorsine, and 2, wnth monocrotalme, dunng 
the course of the expenments Furthermore, slight to moderate central necrosis 
of the h\er w'as observed microscopically' m those ammals which were sacn- 
ficed 

The last senes of expenments consisted of 6 groups of rats on different diets, 
which are ns follows (a) regular colony ration, an entirely adequate diet which 
maintains optimal growth, (b) a simple but adequate punfied diet contam 
mg Wesson’s salts, (c) a highly punfied low protein diet, (d) a diet consisirng 
of 30% dned brew er’s y east and 70% diet (c), (c) a diet consisting of 15% Liver 
Extract, LiUy, and 85% diet (c), and (f) cracked com After the ammals had 
received these diets for 2 weeks, seneaomne m adequate doses was administered 
intravenously The prothrombin time of the rats m each case did not show a 
significant difference from that of the control senes 
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SimUARY 

1 Sencdonme retrorsine pterophme spartloldine and monocrotalme m 
sufficient doses prolong the plasma prothrombin time of rats Sceleratme has 
a siinilar effect, but to a leas degree 

2 Retronedne, retronedc lactone and mcmocrotalic aad — the degradation 
products of rctroTsme and monocrotahne — do not cause h\er necrosia in mice 
and rats, or hypoprothrombinemia in rats 

3 Feeding of a vitamin K preparation, menadione to rats appears to inhibit 
the hypoprothromblnemic action of retrorsmc and monocrotalme 

4 Vanation of tbe proton content of the diet and addition of brewer e j east 
and Uver extract have no appreciable effect upon the hjTwprothrombmemlc 
acbon of seneaonine 

AchwwiedffTJuni The authors are indebted to Dr Richard H- F Monske 
Division of Chemistry National Research Council Ottawa Canada for the 
generous supply of retroralno rctroneao lactone, sencciomno and Kpartioidine 
to Professor Roger Adorns DeparUnmit of Chemistrj University of Ilhnois 
Urbana for the generous supply of monocrotoline retronecine and monocrotolic 
acid, and to I>r H L do Waal Department of Agnculturo and Forestrj 
Onderstepoort Union of South Afnca, for tbe generous supply of pterophine 
and sceleratioo Mr Robert C Anderson assisted m some of tbe toxicity 
determinations, 
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Thiourea and thiouracil have been found to inhibit thyroid function (1-2) 
Because of the increasing employment of thiouracil in the treatment of thyro- 
toxicosis (3-10), it appeared desirable to study its concentration in the blood and 
excretion in the unne following its admmistration in therapeutic dosage to 
human subjects 

Several methods have been described for the determmation of thiourea 
(11, 12, 13) and thiouracil (14), all based upon the development of a colored 
compound ivhen Grote’s reagent reacts with compounds contaimng a C==S 
group The procedure descnbed by Williams et al (14) proved unsatisfactory 
in our hands, that descnbed by Chesley (13) for thiourea proved entirely satis 
factory for thiouracil when modified slightly 

Method Cliceloy’s procedure (13) was adhered to with the following modifioations 
The pH of the Berum filtrate and diluted unne was adjusted to 6 0 before adding the reagent 
and readings were made at 66 minutes in the Evelyn photoclectnc colorimeter According 
to Williams et al (14), maximum color development occurs at pH 8 and IB minutes, but 
with the procedure omplojed by us color development was found to be maximal at pH 0 
and 66 minutes With filters ranging from 420 to 660, maximum absorption was obtained 
with filter 660 Higher filters were not available and the maximum may w ell be at a slightly 
higher wave length However, filter 660 was considered satisfactory inasmuch as a linear 
curve was obtained when L («=2 — Log G) was plotted against concentration and thiouracil 
added to serum and unne was recovered satisfactorily 

Control sera subjected to the same procedure yielded no \o8ibIe color but gave readings 
slightly higher than those of aqueous blanks These readings corresponded to thiouracil 
concentrations of 0 2-0 6 mg per 100 cc A serum blank was therefore used with each de 
termination, the galvanometer being set to give a reading of 100 with the serum blank 
(normal serum filtrate treated with Grote’a reagent) With unne diluted 1 10, unne 
blanks gave readings identical with aqueous blanks and therefore the use of unne blanks 
was dispensed with 

The standard curves obtained by this procedure were qiute uniform, but exact 
duplication was not always obtained This is probably attributable to slight 
changes m the Grote reagent Determinations on each set of unknowns were 
therefore made on the basis of a curve constnicted from a senes of standards 
run simultaneously 

A wnde vanety of compounds containing the characteristic sulfur luikage 
develop color xvith the Grote reagent (WUliams et al (14)) From a practical 
standpoint, the most important of these are creatinine and glutathione Cre 
atinine added to serum in concentrations up to 10 mg per 100 cc and to unne 
in concentrations up to 160 mg per 100 cc gave no color inth our procedure 

' J Ewing Mears Fellow in Physiology and Medicine 
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No color obtained mtli glutathiono m semm m concentrationB up to 10 
mg per 100 cc and m unne In concentrations up to 60 mg per 100 co 
DiSTiUBtmoN IN THE BLOOD Thiourca is readily diffusible and has been 
used for the determmation of body miter (16) Determinations made upon the 
blood of subjects receiving thiouradl revealed essentiallj identical ccmcentra 
tions in serum and laked Wood This indicates that thiouraal is present mthin 
the erythiXKOdes in approximately the same concentration as m the serum 
Reco%ery of thiourea from serum ultrafiltrates (12) indicates that it la not 
firmly bound to serum protems However Williams et ol (14) ha\e recovered 
a portion of the serum thiouradl from precipitates of serum obtained with 
certain protein prcdpitants This may be due either to adsorption of thiouradl 
by the denatured protein in vitro or to some form of combination of scrum pro- 
ton and thiouradl in vivo In an attempt to investigate this matter aenim 


TABLE 1 

Bonpt oj $trujn ikiourncU talutt (m^ %) foUomn^ oral administration 
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samples from subjects receldng thiouracil acre dialyied (cellophane) against 
large volumes of 0£6% NaCl solution at 4*C for 1&-20 hours The serum 
samples contained 2.3-3X) mg thiouracil per 100 cc None was found in the 
serum after dialysis suggesting that thiouracil is present m the serum in a free 
state or that any combination mth protein roust be a lory loose one 

Concentration op the beruil The concentration of thiouracil in the 
serum at varying Intervals under different conditions of administration is indl 
cated in table 1 As has been reported by WnUama et oI (14) thiouracil can 
be detected in tlio scrum in some instances ns early as 30 ramutes niter oral 
administration of 0^ gram In a number of cases liowevor none was demon 
strable in the serum during a period of 2 hours after ingestion of 0^ gram The 
fact that apprcdablo amounts wore found m tlio urine during tins ponod mdi 
cates Hiat the drug was absorbed Following singlo oral doeea of 0^-1 D 
gram thiouracil wus detected m the scrum in cierj instance during tho first 2 
hours 

When five doses of 0^ gram wtto given at mten als of 2 hourn during the daj 
the level in tho scrum roeo either promptly or gradnolb during tho period of 
adminiilration to a maximum of 1 4-2^ mg per 100 cc (fig 1) Higher con 
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CD 

S 0 2gm Thiouracil 



Fio 1 Serum Thiouracil Levels followino Oral Administration of 1 Oram Tmou 
luciL IN 5 Divided Doses of Oi Gram Each 


ON 

0 1 Ogm Thiouracil 



Fm 2 Serum Thiouracil Levels FOLLOniNo Oral Administration OF 1 Gram Thiou 

racil in a Sinole Dosf 


ccntrationa Mere obtained Mith five doses of 0 3 or 0 4 gram, but the shape of 
the cun OS M as essentially the same as vnth 0 2 gram doses After administra- 
Uoi. of a single dose of 10 gram, the concentration in the senim reached a 
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maximum at 2 hcaire and fell mibsequentli (6g 2) When 1 gram ivna giv'cn, 
either m fi\e equally divided doace or as n einglo dose, during the daj, none or 
onlj traces Trere present in the sorum on the folloinng morning There vras no 
apparent correlation botacen the ccmccntration of thiouradl in the scrum and 
the therapeutic response In patients ^nth thyrotoxicosis a-hen doses of 0J2 
gram acre giv*en at intervals of two houn during the day 

No information is available regarding the odvisahflity of mamtaining an 
adequate le\el m the scrum during the entire 24 hour penod, although this 
would appear to bo desirable on theoretical grounds When four doses of 0 1- 
0^ gram and a final dose of 0 6-0 7 gram were gi\’en at intervals of two hours 
dunng tbe day concentrations of 0 7-0 9 mg per 100 cc were obtomed m tbo 
serum on the foUowmg morning (12 hours after the last dooe) When 10 gram 
of thiouracll was administered by rectum In suppositories 1n two equally divided 
doses, none was detected In tho serum although about 10% was excreted in 
the iinne dunng tho 24 hour penod 

Excretion in the urine After odminlfitralion of 10 gram m five equally 
d^^ided doses 22-67% is excreted In the unne dunng the first 24 hours and an 
additional 19-16% dunng tho second 24 hoars After administration of 1 0 
gram m a aingla doae wo have obser\ cd excretion up to 04% in the first 24 hours 
and an additional 19-16% dunng tho second 24 houre In four cases receiving 
1^ and 20 grams in five equally divided doses tbe proportion excreted m tbe 
unno was considerably smaller ranging from 123 to 17 4% in tbe first 24 hours 
Similar obeervations have been made by Williams (10) The excretion of 19- 
16% of the drug dunng the 24 hour penod following the daj of administration 
indicates its presence m the body fiuids at this time but in exmcentrationa too 
low to permit its demonstration m the serum by the method cmplojed 

SUkQIAKT AN© CONOLUBIONB 

1 A modification of Cbealey s procedure for detonnination of thiourea was 
found to be more satisfactory for thiouraal than raotbods deecnbed previously 

2 WTien administered orally thiouracll Is absorbed rapodlj and is also ex 
oroted rapidly m the urine Absorption from the rectum is relatively poor 
and apparently inadequate for therapeutic purposes 

3 Thiouracll is present in tho water of erythrocytes and plasma m appnra 
matclj tho wuno concentration It can bo removed from the scrum bj dlalysia 
and IS tbercfoio dthor In a free state or onlj loosely Ixrund to protem 

4 Curves of tluoumcll concentration m tho scrum are described lunder clif 
ferent conditions of odrainistration A more constant level is maintained when 
amall quantities are given at frequent intervals during tbe dav than when n 
smglo large doeo is admmistered Unices a large dose is given in the evening 
tho concentration falls dunng the night to practically imperceptible levels In 
the mommg 

6 When If) gram a given in divided dotes, 22-56% is cxcrotcd m tho urine 
dunng the first 24 hours and on odditlonol 19-16% during the second 24 horns 
■\Vitli doses of 1 3 or 2f) grams only 123-17 4% are recovered from the unno 
dunng the first 24 liours 
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METABOLISM TOXICITY AND MANNER OF AOTION OF GOLD 
COMPOUNDS IN THE TREATMENT OF ARTHRITIS 

VII The Ettect of Various Gold Coupounds on the Oxtoen Consuup- 
TiON OF Rat Tissues 
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Previous studies by Block Buchanan and Freyborg (1 2) have shown that 
when gold compounds are injected mtramusoilarly into white rots the gold is 
deposited in vanous tissues of the body pnniarily in the liver and kidney 
The amount and oto of deposition seem to depend on the physical properties 
of the compound studied Also the seventy of the histo-pathology in gold 
treated nnimals in general Is proportional to the quantity of gold laid down 
in the tissue (3) In view of these findings it became of mterest to us to know 
whether the respirotian of these tissues, ns measured by oxygen consumption, 
is influenced by the presence of gold and to determme whether a correlation 
ezUis between the conoentratlon of these compounds in the tssue and the rate 
of respiration If a relationship between depoeitian of gold and aeUvity of 
the eniyme systems in these tissues could be found it might provide an insight 
mto the mechantam of ootioo of gold salts in the treatment of rheumatoid 
arthritis, 

PtocKOUme MeonremenU of oxyc«Q eoosnmptioQ wen made with the oanal type of 
coostset volume Warburx macocneter The eiui>OD dioiJde produced was abeorbed by 0 J 
ce of 30 per ceol potastfum hydroxide sololioD coDtaiecd id central welli on rolled filter 
paper After IntroducUou o! tbs tissue sUces the manometer flasks wen Immerved In a 
water-batb at 88 flashed with pure warmed oxyceo (88*) for 10 minutes SDdsbakenata 
rate of 110 oeeUlatlous per minute The suspending medium was a phosphate buflered 
physiological salt solution (pH 7 4) containing 0 J per cent glucose as described by Krebs 
(4) The total volume of fluid lu each flaak wss 8 0 ce 

The tissues wore taken from healthy male and female white rats which had been fed a 
standard stock diet The were killed by a blow on the head and the liver and Idd 

ney were quickly removed and washed free of blood Slices of approximately equal site 
and thickness were made with a rtuor blade held against the lower side of a glass micro 
scope slide Readings of the manometers were made at 16 and 30 minute IntervslB At 
the conclusion of the experiment the slices were removed from the flasks and dried for 24 
to 48 hours at 90 and oxygen consumption was oalculated per mg of dry weight of tissue 
The solutions to be tested were pissed In the aide arm at 10 times the finsi eoneentra 
Uon and tipped into the main compartment containing the tissue after a control period of 
46 mlontet (6) In all eases the compounds were compared at equal molar eoneentraUons 
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(M/600) mth respect to gold This represents the final dilution after tipping Control 
studies in which the gold compound was omitted were made with every tissue slice 

Results The gold-containing compounds used in these studies are listed 
in table 1 The m rntro e£fect of these gold compounds on the otygen consump 
tion of hver and kidney tissue shces is shoivn m Charts 1 and 2 respectively 
The compounds fall into two groups, 1 those which caused an inhibition of 
respiration of the tissue shce, as evidenced by a decrease m oxygen consump- 
tion, and 2 those n hi ch have no effect on tissue respiration In the first group 
are two very soluble, ionized compounds, gold chlonde and gold sodium thio- 
sulfate, and a totally different type of compound, coUoidal gold sulfide (There 
IS some question as to whether the latter compound should be mcluded m this 
group in new of its doubtful effect on respiration of liver tissue shce ) In the 
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econd group are three compounds m nhich the gold is non-ionized form as 
part of complex organic molecules 

The mhibition of tissue respnation by gold chlonde and gold sodium thio- 
sulfate probabty is due to the presence of gold ions in the reaction medium, 
because differences m hydrogen ion concentration were controlled by adjusting 
the reaction of the highly ionized gold solutions to pH 7 0 ivith sodium hydroxide 
and by the use of the phosphate buffer m the Ringer solution Further evi 
dence that the decrease in o'xygen consumption may be attnbuted to gold ions 
was furnished by normal control studies with sodium thiosulfate, sodium thi 
omalate, succmimido, and thioglucose An explanation of the mhibitory 
effect of colloidal gold sulfide is diSicult smee presumably no ionic gold is present 
Hovever, it is possible that not aU the gold is m coUoidal form and some gold 
ions are present to cause inhibition 

Expenments were undertaken to detenmne the effect of various concentre 
tions of gold ions Solutions of gold chlonde varymg m concentration from 
kl/250 to M/600 to M/1000 produced the same relative degree of mhibition 




Cha*t 1 Thb E fftOT or VAKiooi Qou>-Co«TAnn«Q Courooinja tjton th* Oxtoek 
C oKffxmmoK or IUt Litbs Timitd Sucxt 
The vertloa] nrrowa icidi»t« the time of addiUoD of gold CodIittI itudiea are repre 
eeiitcd bjr eolid lioee expenmeotal ftadiee hy broken lioce Differcnt eymbole repreeeot 
detemdcatloQB on Hrer eampic* from different enlmalj 



CflABT 2 Thb Errecr or Vajuous OoLD-CoirrAiniKa CouroDKoe upo’f thb Oxtgbh 
C oKBournoK or Rat Kidkxt Tisstm Succs 
Tbe vortical arrove indicate tbo iimo of addition of gold Control atadlee are repre 
eented by eobd ilnce expenmontal atudiea liy broken Unca Different aymbole repreaent 
determinatioDe on Udiny eomplea from different anlmala 
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Slightly less inhibition was obtained with M/5000 gold chlonde and no observ- 
able effect with M/SO, 000 

From Charts 1 and 2 it is obvious that the compounds of Group 1, that is, 
soluble ionized compounds (gold ohlonde and gold sodium thiosulfate), m equal 
concentrations have a much more pronounced effect on the o\ygen consump- 
tion of kidney tissue than of liver tissue This difference is mterestmg because 
it has been noted previously. Block et a! (1), that the soluble gold-contammg 
compounds are deposited in the body to a greater extent in the kidney than 
in the hv er Although the soluble orgamc gold compounds (sodium succmimido- 
auratc, gold sodium thiomalate, and gold thioglucose) also are excreted b}' and 
deposited priraanly in the kidney, they bad no effect on the oxygen consump- 
tion of kidney shces, presumably because of the absence of ionized gold 

It IS mterestmg to note that the compounds which have no effect on oxygen 
consumption of tissue shces m vitro, sodium succmimido-aurate, gold sodium 
thiomalate, and gold thioglucose, are the compounds which have been found 
to produce the least toxic reactions m the treatment of rheumatoid arthntis m 
human patients 


SOMMAKl 

1 The in vitro effect of vanous gold-contammg compounds upon the oxygen 
consumption of liver and kidney slices from healthy white rats was detemuned 

2 The oxygen consumption was inhibited by the morgamc, lomzable com- 
pounds, gold chlonde and gold sodium thiosulfate, and to a lesser degree by 
colloidal gold sulfide The organic, non lonisable compounds, sodium succmi- 
mido-aurate, gold sodium thiomalate, and gold thioglucose, did not cause any 
mliibition At equal molar concentrations of gold the degree of inhibition was 
greater for kidney than for liver slices 

3 Solutions of gold chlonde vaiymg m lomc concentration from M/260 to 
M/5000 produced the same relative degree of mhibition on the oxygen consump- 
tion of li\cr and kidney slices 

4 The significance of these findings m relation to earlier studies on the dis 
tnbution of gold in tissues is discussed bnefly 
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TTie manner by which excretion of tho aulfonaimdoB w nccomphshod by the 
kidney ia of major importonco among the factore govemmg tlio bcliavior of 
theee drugs m tho body The different yet chamcteristlc concentmtlona obtamed 
m blood plaama when vanoua eulfonamidee are odminiatered at comparable 
dosages depend to a considerable extent upon the rate at which thoj are excreted 
by the kidnej This in turn iviU be dotennined by the predominance of glom 
erular or tubular excretory pathwa>8 and upon the rcahworptive actlnty of tho 
tubules. Toxic effects upon the kidney of pooriy soluble sulfonamide compounds 
are also related to the extent that their concentration mcreams m tho urme aa 
it passes through tho tubules Tho concentration nso will be delcrmincd by 
the amount filtered through the glomeruli and upon tho proportion secreted or 
reabsorbed in the tubules 

Investigation of the renal GXCTUtlon of sulfanilamide sulfnpyndino and certain 
other compounds has been mado by Marshall and his collaborotore (I, 2 3) and 
by others, HecenU> Loomis Hubbard and Koopf (4) ha\e compared clearances 
of sulfajnlamlde and acetyl milfanllomido wth clearance of inulin b} rabbits 
A comprAcnadve study of tho relation of stnicturo to excretion and other phar 
macodynamio propertios of these compounds m animals has been made b^ Fisher 
Troast Waterhouse and Shannon (5) Beyer Fetors Patch and Ruwo (0) ha\ e 
mvcstigntcd the Influence of diuresis and alkali administration upon clearances 
of several sulfapyriraidmce and of sulfathiniolo In tho dog 

The excretion by man of certain of tho sulfonrunidcs Ims been inimligatcd 
(7-10) Howex^er the unaiailability for excretion bj tho kldony of varying 
amounts of Uieeo compoundfi because of combmalion between plasma protein 
and tho drug intis overlooked by earlier studies This factor together v.itli tho 
pathiray of excretion by tho kidney whether by tho glomeruli or tubules has 
received considerotion only m the recent reports of Loomis Koopf and llubliard 
(11) who measured simultanooualy tho clearances of sulfomlomido acetyl mil 
fanllamide and inulm and of Earle (10) who compared clearances of sulfomera 
one acetyl sulfomeranne and sulfadiaime with tho clearance of mannitol 

It was the purpose of the present study to compare se>’oral commonly used 
sulfonamides hulfapyridine sulfathiaiole sulfadiaime and eulfamoranno with 

• Aldad by granlj from Sharp and Duhmo Iitc Qlenoldea P» and ito Fond for Ilf 
t«Kreh in Infectiou* Diseue* Unlvcrtlty of PcDnsylvinia PhTiadeiphla. 
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respect to the mrinnor of f heir excretion by the human kidney For this purposCi 
the clearance of the sulfonamides and of inulin wore measurcfl simultaneously 
The protem-bound sulfonamide of plasma was measured by ultrafiltmtion and 
the clearances w ere corrected for this factor 


Lxpbrihbntal Young or middle aged male patients, awaiting discharge from the 
Medical Department following recovery from various pathological states (mainly pnou 
monia), sened os subjects Tliose that received sulfapyndinc, sulfathiazolc, or sulfa 
diaiino showed no ovidenco of gastrointestinal, heart, or kidney disease, but the group 
employed for the investigation of sulfamcrarmo could not be as rigorously selected and 
SOI oral presented o\ idenco of impaired kidney function 

Each subject received 3 gm of sulfonamide ns the sodium salt, together with 5 to 10 gm 
of inuIin by vein, following ingestion during the preceding 2 hours of sufficient water to 
induce diuresis Cficarances were done 2 to 3 hours after a light breakfast, quantitative 
collections of urine being made during 30 to 60 minute time periods Other methods cm- 
ployed were those listed in a previous report (0) Plasma inulin concentrations used in 
calculating clearances were obtained by interpolation based usually on three ormorc plasma 
samples The patients were not catlictcrizcd In most oxpenmenis large unne flows 
were established in order to dimmish error due to incomplete eolloction of untie In gen 
oral, the jiroccdurc employed in measuring inulin clearance followed that proposed by 
Alving and Miller (12) Inulin w ns determined by the method of Alving, Hubin, and Sillier 
(13), observing precautions described by Alving, Flox Pifesky and Miller (14) In the 
experiments dealing with sulfamerntine the method of Hubbard and Loomis (15) w as sub 
stitutod ’ Inulin punfied by the method of Smith (10) was used in most cxTienmcnfs All 
inulin used was free of pyrogenic action 

Calculations of clearances were based iijion that jiortion of plasma sulfonamide immodi 
ntely available to the action of the kidney, namely , the unbound jxirtion, as determined bv 
ultrafiltration The method of Imiietcs (20) was employed for ultrafiltmtion Correction 
of clearances for the protein bound sulfapy ndino, sulfadiaiine, and sulfathiazole of plasma 
was based on averaged results of iiltrardtration cxpcnmcnls using plasma from similar 
sources and containing similar concentrations of sulfonamides (17), while those of sul 
fomeraiine were based upon actual ultrafiltmtion of the plasma obtained during the clear 
ance study Ultrafillcralilc fractions of sulfnpvndlnc, sulfathiazole, sulfadiazine, and 
Bulfomerazino wore found to average 0 CO 0 45 0 75, and 0 41 respectively at 37 B'C , at 
the average plasma concentrations shown in tables 1 to 4 Clearances of the sulfonamides 
were calculated from the usual formula UV/P where U is the concentration in unne, V the 
volume of unne jicr minute and P the concentration in plasma water 


RbsuI/T '5 Olispn cd clcarantcn of the four compounds ilere in each instance 
low cr than the simidtancousty dctormnwnl vnwlm ctearance In descending order, 
these were for mtlfathiazolo 39 3, sulfadiazine 22 G, sulf ipyndmc 10 6, and 
sulfamcrazinc 8 3 per cent (in the grou]) mth normal renal function) of tlio 
inulm clearance However, the four sulfonamides studied were combined to a 
varymg extent wnth plasma protein and the fraction so combined was rendered 
unavailable for filtration through tho glomerular membrane When corrections 
were made for tho protem-bound portion, the ratio of the clearances of sul 
fndiazmc and sulfapjTidme to the mulm clearances (excretion ratios) were 0 31 
and 0 28 respectively (tables 1 and 3) Tho excretion ratio of snlfamemzmc 


* Hvdrolvsis for IC mihutcs instead of 8 proved ndvantagoous m the method of Hubbard 
and Loomis This modification gave a more stable color of greater density U.an that ob 
tamed by following the original directions 



RENAL CLEARANCE OF SULTONAMIDES 



* Cletraoees ctl both fro« and acot^iatod aulfonajnidea a^e ealculatod od the bada of 
eoneantratioaa In the oltralUtrata excopt vfaere iodlented 
t Not eorreetod for protdo boond fraoUoiL 

MeazM are eaJqtilaUd on the bade of the total number of e^pcnmenU 


TABLE a 

SulfaiAiatoU md JmiJin dtarwua 
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^^as appreciably loi\er, 0 20 (table 4) Sulfatbiazole (table 2) differed from 
the other compounda studied m that its corrected clearance approximated the 
inulm clearance, ■mth an excretion ratio of 0 87 Individual excretion ratios 
extended from 0 60 to 1 16 The difference between the means of sulfatbiazole 
and mulm clearances Mas not significant when Fisher’s t test (18) was apphed 
However, the group examined eas small, and it is possible that exammation of 
a larger population n ould reveal some difference 

The contrast between the behanor of sulfatbiazole compared with that of 
sulfapyndme, sulfadiazine, and sulfamerazine is shown in figure 1, where the 
relationship between the quantity of each compound appeanng m the unne is 

TABLE 3 


Sulfadtaitne and Inulm clearances* 



Rasua 

StnLrAOIAZIKC 

UtltfE 

CXEAlANCM 



FATIZWT 




i 





SD 

Ac-SD 


Free 


Vohme 

Sail ltd Unoe 

Sol/uUixtoe 

Xnulia 

INTILIN 

nrom? 





j Free 

[ Acet. 

Free 

Artt. 




■■ 

•If ftr 100 cc. 1 

^ /mfn 

I fnf per lOO 

j ce perJJJsg 

m 




12 s 

1 0 

5 1 

60 0 

12 0 

32 8 

91 4 

89 6 

0 37 

1 02 


11 3 

0 8 i 

15 8 

16 4 

3 8 

27 6 

103 7 

109 6 

0 25 

0 95 


13 4 

0 9 

14 2 

20 0 

1 8 

28 B 

42 6 

102 0 

0 28 

0 42 


12 3 

1 1 

13 0 

20 8 

1 7 

29 6 

29 3 

136 7 

0 22 

0 21 


18 2 

1 1 

19 6 1 

27 0 

3 0 

33 3 

71 8 

89 0 

0 37 

0 81 


10 5 

0 8 

21 3 

22 0 

4 0 1 

33 6 

IBS 6 


I 0 31 

1 47 

6 

13 4 

0 8 

17 1 

22 6 


28 6 

61 8 

97 6 

0 29 

0 63 


11 8 

0 8 

15 3 

21 6 


26 6 

65 3 

89 6 

0 30 

0 62 

6 

10 8 

0 6 

20 1 

22 0 

2 0 

45 8 

102 4 

161 6 

0 28 

0 63 


, 10 3 

0 7 

17 4 

20 4 

2 4 

31 6 

73 1 

146 9 

0 22 

0 60 

7 

16 6 

0 9 

11 6 

48 0 

6 0 

62 0 

147 5 

123 2 

0 50 

1 20 


14 5 

0 4 

12 1 

32 0 

4 0 

46 6 

235 2 

89 6 

0 62 

2 63 

8 

16 0 

1 6 

12 8 

28 0 

3 0 

19 7 

28 2 


0 19 

0 26 


14 4 

1 6 

18 1 

19 0 

2 0 

21 9 

22 6 

126 3 

0 17 

0 18 

Mean 






33 4 

87 2 

112 5 

0 31 

0 82 

SD 






±12 6 

±69 8 

±23 1 

±0 11 

±0 64 


* See footnote below table I 


plotted against the quantity filtered through the glomeruli The quantity 
filtered is calculated from the mulm clearance and the sulfonamide concentration 
m the ultrafiltrate Substances excreted only by filtration ivithout participation 
of the tubules yield figures that fall along the broken Ime Sulfatbiazole clearlj 
does so, and it therefore belongs to the group of substances that are filtered bj 
the glomeruh but neither secreted nor removed durmg passage through the 
tubules to any considerable extent and its excretion is directly proportional to 
the concentration m the ultrafiltrate Substances appeanng below the diagonal, 
those with lower output in the unne than in the glomerular filtrate, have been 
reabsorbed by the tubules to a greater or lesser extent Excretion of these 
also mcreases with nse m concentration of drug m ultrafiltrate, but not as much 
nor is there direct proportionahty It is apparent that sulfapyndme, sulfa- 
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cfieiiDe and sulfamenmne belong in thia categorj The fraction of these three 
compounds reabsorbed bj the tubulca ts 0 72 0 00, and 0 80 respectively 
TABLE 4 


Sulfaw\tnnii$ and Inultn citarancu 


rtTmrao. | 

HAnu 

miTjutraAsm 

non j 

1 emu wen 

OI 

Txvta 

Frt« UhnAHnU ' 

Vakw 

S«U*awn 

xlac 

Frt* 

laOn 

Babjeota with normal kidney function 



•M 

me*. 


wti ftf K$a, 

eg. ter t Jin m. 


20 

14 4 

5 0 

n 8 

8 7 

17 0 

180 0 

0 09 


13 4 

5 6 

4 6 

15 7 

13 0 

91 3 

0 14 


11 0 

4 9 

1 4 

50 3 

15 1 

163 0 

0 10 

21 

15 0 

0 I 

3 2 

78 6 

35 7 

150 0 

0 33 


8 0 

3 3 

1 6 

« 7 

27 7 

100 0 

0 36 

23 

25 1 

11 3 

9 0 

20 

15 1 

73 0 

0 


23 0 

10 4 

7 7 

43 3 

20 6 

100 7 

0 28 

25 

10 4 

4 0 

5 9 

14 2 

17 9 

144 0 

0 13 


0 7 

4 6 

2 9 

22 0 

13 4 

94 0 

0 13 

37 

34 1 

10 8 

10 1 

29 7 

24 5 

101 4 

0 24 


20 6 

0 5 

11 8 

20 4 

27 7 

94 0 

0 29 


20 4 

9 2 

10 0 

23 9 

24 8 

88 3 

0 2S 

20 

12 0 

4 6 

3 9 

22 8 

17 6 

93 3 

0 10 

80 

23 1 

9 5 

83 

16 0 

15 ■’ 

85 0 

0 IS 

Mean 

SD 







0 20 
sb 07 


BubJecU With impaired kJdoej fosetloa 



Moderate impairment of kidney function* existed in four of the subjects 
emplco^ for the study of sulfamcrarino clearance Clearances of sulfamcraxme 

* Patient No 33 had mild rheomatla heart diieaae and No 34 luetlo heart diaemae. No 
20 ahoired renal eolle and hematuria aceompmsying marked cryatallaria that eleared up 7 
days before the clearance waa meacored No explanation conid be found for the lowered 
inoUn clearance In No 2S 
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and of jnuJiR were dinurushed to the same extent m these individuals as is shoivn 
by the identical excretion ratios of the groups ivith normal and subnormal 
clearances 

The acetyl denvatives showed higher clearances than the free forms (tables 
1, 2, 3) When correction is made for the protem-bound fraction, the clearances 
of acetyl sulfathiazole equal or often exceed the mulm clearance by a considerable 
margm Thus, excretion of acetyl sulfathiazole appears to be partially and 
perhaps sporadically by nay of the tubules This may be true also m certam 
individuals nho have received sulfadiazme Despite the high clearances, only 
small concentrations of the acetylated compounds appear m the urme The 
high clearances are due to the Ion concentrations of acetyl compound m plasma 


10 



(ULTRARLTRATO X tINUUN CLEARANCE) 

MG/MIN/173 SQ M. 

Fio 1 

available for excretion, smce the proportion bound by plasma protem is higher 
than that of the free sulfonamide ' 

Clearance of acetyl sulfamerazme could not be evaluated ns accurately as 
that of the other sulfonamides because of techmcal difficulties m connection 
nnth its detenmnation Satisfactory data were obtamed to penmt calculation 
of corrected values for four patients In three (Nos 22, 24, 27) the clearance 
of acetyl suUamerazine ranged from 1 6 to C 4 tunes the inuhn clearance, m the 
fourth it was 0 47 of the latter * Concentrations m plasma m these experiments 

* The low acetyl sulfamerazme clearance of this subject (No 28) was mainly caiued by 
an aberrant value (0^) for bound drug If the average value found tor other subjects is 
substituted, the clearance nses to 1 13 tunes the inubn clearance 



BE:^AL CLEAIUNC* Or BOLTOSAiUDES 


285 


were 0^ to 8 X) mg per 100 cc Only 30 per cent of the acetyl sulfatnemime 
was ultrafilterablo 

Urine volume was without direct effect on clearance of sulfathiaiole or sulfa 
meraiine In this our results are m agreement with those of Lucas and hlit 
chell (10) and Loomis Koepf and Hubbard (11) who examined sulfanilaiiude 
Bcj er IPeters Patch and Russo (6) found some mcrease m output of sulfon 
amides by dogs when unne flow mcreaeed from \'ery low values and Earle (10) 
found increased sulfomeranne dearanco when dmresis was instituted in dogs 
The effect of unne \ olume on gulfadiasme and sulfapyndine dearance cannot 
be evaluated m our experiments since they fafled to mdude a suffinent range 
of unne vdumes 

Urea clearances decreased during a 2 day penod of oral administration of 
sulfathiaiole (2 subjects) and of sulfapyridine (2 subjects) when these drugs 
were administered at the rate of 1 gram every 4 hours. The change appeared 
to be greater foUoinng sulfapyndine. Return to ongmal value* followed when 
administration was discontmued. Diminution of urea dearance was observed 
in numerous patients treated for pneumonia by means of sulfonamide com 
pounds (8 9) The qmiiar response obtained In normal individuals indicates 
that a maidfestatioa of the depressant action of one substance on excretion of 
other* by kidney ^Taa not the result of the ecanphcating effects of disease on 
kidney function in the Individuals previously studied 

DiBCXTsaiON Our findings for men agree \nth those of Fisher Troast Water 
house, and Shannon (6) who Ini'esUgated sulfonamide clearance* of dogs They 
found that suifathiaxole dearance when corrected for bound drug was equal to 
the ^omerular filtration rote measured by creatinine dearance Bulfadiaxme 
sulfamerasine and sulfaraelhaxine were extensively reabeorbed by the tubules 

Comparison of the results of Earle (10) with those presented in tbi« paper is 
best made on the basis of the excretion ratio (clearance of imbound sulfamoraxme 
diiided by the glomerular filtration rate) In his 4 subjects this aveni^d 0 16 
and the average of 24 measuromente in our 7 subjects was 0.20 The difference 
is not statistically significant. Excretion raUoe for sulfadiaane w’ere in close 
agreement with those reported by Earle Ekirle found that acetyl sulfameroime 
is secreted by the tubules and our observations lead to a similar conclusion 

Some question can be raised as to tbe significance of the dearance measure* 
ment when applied to sulfonamides that may undergo alteration in the body 
and be excreted m several forms not distinguished by the analytical method 
employed, Scudi and Jelmek (21) found sevbral derivatives of sulfapyndine 
m urine In large quantity but the other three compounds yielded smaller 
amounts. Their significance in man has not been evaluated Despite his 
possible objection it is of interest to provide a comparison of the fourchnicaHy 
important sulfcaiamido compounds studied by the means ot present available 
for measuring the rate of their excreUrHi It is well to recognize that while the 
deamnees measured are predominanUy thoee of the sulfonamides themselves 
denvatives retaming the aromatic ammo group may bo cimtrlbutlng Such 
denvativea could be expected to show differences in the renal pathway by which 
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they are e\creted If their formation was sporadic and vanable, this aould be 
reflected in increased variations in the sulfonamide clearance as compared with 
the simultaneously measured muhn clearance Actually, only sulfadianne 
clearances shou appreciably greater vanabihty than the muhn clearance 
Clearances of other drugs showed httle evidence of such variation, which suggests 
either that (1) formation of such derivatives was comparatively insignificant, 
(2) they were handled by the kidney m the same manner as the sulfonamide 
itself, (3) under the conditions of these ev-penments they formed a constant 
proportion of the total evcretion with httle individual vanation 


SUMMABY 

Renal clearances of sulfamerazme, sulfadiazme, sulfapyndme, sulfathiazole, 
acetyl sulfamerazme, acetyl sulfadiazine, and acetyl sulfathiazole have been 
measured m men and compared ivith the simultaneously determmed clearance 
of mulm Results w ere corrected for sulfonamide unavailable for excretion due 
to combination with plasma protem 

Sulfathiazole differed from the other three sulfonamides m showmg a mean 
clearance averagmg 87 per cent of the muhn clearance Thus, reabsorption by 
the tubules was of mmor sigmficance 

The clearance of sulfamerazme averaged 20 per cent, sulfapyndme 28 per 
cent, and sulfadiazine 31 per cent of the muhn clearance, mdicatmg that these 
compounds are extensiv ely reabsorbed by the tubules 

Acetylated sulfonaimdes have higher clearances than the free forms Acetyl 
sulfamerazme and acetyl sulfathiazole appear to be excreted by a combmation 
of glomerular filtration and tubular secretion Acetyl sulfadiazme shows a 
simdar behavior, but the filtration-reabsorption pathway seems to be the pre- 
dominant one 

Four subjects with moderately impaired renal function showed the same ratio 
of sulfamerazme to muhn clearance as those with normal renal function 

The temporary dmunution m urea clearance previously observed dunng 
therapeutic administration of sulfonamides occurs also m normal mdividuals 
receivmg comparable amounts of these drugs 
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STUDIES ON ANTISIALAEIAL DRUGS 
The Distribution of Atabrine in the Tissues of the Fouh, and the Rabbit' 
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The work reported here i\ as undertaken with a view to studying the accumu- 
lation and persistence of atabnne m the fowl after smgle and repeated mtraven- 
ous injections of the drug Although the metabolism of atabnne has been 
studied m several mammalian species (1-5) the results are not easily correlated 
due to variations m dosage schedules and routes of admmistration, and m some 
cases, to inadequate analytical methods Hence, ne have also studied the ata- 
bnne metabolism m the rabbit so that the hehavuoi of the drug m an avian and 
a mammahan species could be compared 

Experimentau The rate of disappearance of atabnne m chickens and rab- 
bits n as studied in animals receivmg 5 mgm Agna of atabnne dihydrochlonde 
intravenously (m the mng vem of the chicken and the marginal ear-vem of 
* the rabbit) and sacnficed at mtervals of 10 nunutes to four days The rate of 
accumulation nas studied m ammals which received 1, 6, 10 or 21 (rahbit only) 
daily mjections, and which n ere sacnficed one hour after the last dose In intro 
studies were done to determine nhether atabnne (hke quinme) could be de- 
graded by certain tissue extracts (6, 7) Experiments were earned out on three 
pregnant rabbits to determme the extent of placental transmission of atabnne 
All doses and tissue concentration data are expressed as atabnne dihydrochlonde 

Atabnne m the tissues was extracted by a method previously desenbed (3) 

In the case of the rabbit, the tissue digests were extracted twice with ether, a 
procedure which gives 85% recovery in the liver and 90% recovery m the lung 
and kidney A correction factor w'as therefore applied to these tissues In the 
chicken, the tissue digests were extracted three times with ether which obviated 
the necessity of applying a correction factor Blood atabnne was detennmed 
by the method of Brodie and Udenfnend (8) 

In the lung, liver and kidney it was felt that the distnbution withm the 
organ might be uneven, therefore the total organ or a large ahquot was digested 
■with the dilute HCl and blended with water m a Wanng Blender Ahquots 
representing usually one gram of tissue were withdrawm for analysis All 
analyses w ere done in dupheate 

In all cases, the final sulfuno acid ex-tract was diluted with an equal volume 
of alcohol and 1 cc of concentrated NHiOH added for each 50 cc of solution 

* This work was aided in part by a grant from the Dr Wallace C and Clara A Abbott 
Memonal Fund of the University of Chicago The work was done under a contract, recom- 
mended by the Committee on Medical Research, between the Office of Scientific Research 
and Development and The Umversity of Chicago 

* John J Abel Fellow in Pharmacologj’ 
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RcadmgB were made with the CJoleman Model 12 A Electronic Photofluororaeter 
using a standard solution containing 1 microgmm/cc and subjected to the ex 
traction procedure Readings of lees than 2 divisions on the instrument (equiva 
lent to 0 02 micrograra/cc ) were recorded as ' trace. Tissues from nnim al B 
which had never received atabrine read between lero and 0.6 division 
RESunTS ANP niSCTTBSiON The rabbits and ehlclcens receii’ing repeated daily 
doses of 5 mgm /kg of atabnne showed no toxic effects and loet no wei^t A 
lunited number of acute toxicity expenments on rabbits served to confirm the 
findings of Hscht (9) and of Dawson Olngnch and Hollar (10) that the mtraven 
ous toxicity was m the neighborhood of 10 mgm /kgim For acute toxicity 
experiments m chickens white leghorns weighing approxunatcly 200 grama were 
injected with 1% solutions of atabrine dihydrochlonde at the rate of 1 co per 
minute The LD»8 was found to be 35 mgm /kgm under these conditions 


TABLE 1 

Aiahnn$ eonirtd wiQmJkg oj lutuit oS ntAm oi vorAnit tiU«r»aI« 
\njtciion of t viffTtuJkg of ola^nM diKfdrothltmd* 
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1 Wv 

M boun 

OW-s 
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Lung 
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67 

78 

3t 

43 

20 

16 

6 

3 

Kidney 

61 

100 

69 

63 

21 

21 

SO 

16 

6 

6 

Bpleea 

21 

34 

40 

S3 

27 

25 

30 

16 

8 

1 

Adrenal 

23 

22 

37 

27 

25 

14 

0 

6 

8 

trace 

liver 

25 

23 

20 

ao 

8 

22 

20 

13 

4 

3 

Heart 

SI 

28 

16 

14 

5 5 

4 7 

2 6 

3 6 

5 

0 5 

Brain 

6 i 

3 T 

3 6 

3 0 

1 0 

0 g 

trace 

0 6 

trace 


Mofcle 

trace 

1 4 

2 8 

1 6 

0 5 

0 0 

0 1 

0 6 

trace 


BUe 

0 






3 

trace 

trace 

0 


Cortez 24 loedalU » 16 


AccuiruninoN and PERaisTtNCB in the tisstjes or the babbit and rown. 
Data on the tissue distribution of atabrine in the rabbit are summaitsed in 
tables 1 and 2 and in the fowl in tables 3 and 4 The most stnkmg difference 
between the two speaes is the more rapid elimination of atabrine m the fowl 
Forty^^t hours after the mtravenous injection of 6 mgm /kg of atabnne 
only very wirmll amounts of the drug were found in the tissues of the fowl while 
all tissues of the rabbit except for muscle and brain contained quite high con 
centrations Even after 90 hours, the concentrations m the rabbit were higher 
than, those found in the bird after 4S hours. Further evidence of the more rapid 
metabolism of atabnne in the chicken Is seen by comparing the extent of sc 
cumulation of repeated doses in the two species (tables 2 and 4) After rimiler 
dosage the eonccntratlona of atabnne found m the tissues of the fowl with the 
exception of the hver were much lower than those m the rabbit 
In a single experiment a rabbit was given 10 mgm As* rntravenously as a 
0.6% solution 'With this hi^cr dose there was increased storage in the mam 
depots i.e, the lungs kidney, spleen adrenal and liver (table 2) 
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TABLE 2 

Atahnne in Itasues of rabbiU receiving atabnne dihydrochlonde intravenouely and tacnfked 
one hour after 1, B, 10 and SI daily ingections 


iroUBER or DAItT IKjtCnOIfl 


8AKFLE 
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78 
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222 
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147 

2 3 

96 

Kidney 

69 


63 

140 
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178 

182 

182 

3 3 

126 

Spleen 

40 


63 

101 

66 

133 

106 

413 


97 

Adrenal 

87 


27 

68 

43 

68 

64 

120 


46 

Liver 

20 


20 

62 

47 

80 

70 

144 

10 6 

38 

Heart 

15 


14 

42 

48 

44 

62 

129 


16 

Brain 

3 

6 

3 0 

8 4 

4 6 

6 0 

7 0 

12 6 


4 6 

Muaole 

2 

8 

1 6 

3 0 

6 1 

6 6 

6 0 

5 3 


2 0 

Bile 




8 0 

8 6 

3 6 

9 0 

16 


3 6 


^ TABLE 3 

Atabnne content in mgm /kg of tissuee of chickens at vanous intervals after the intravenous 
injection of B mgm /kg of atabnne dihydrochlonde 


TIMZ AJrat INJECnoK 



10 min 

1 1 botif 

1 24 hours 

1 48 hours 

Lung 

22 

20 

11 

12 

4 0 

4 3 

1 8 

1 2 

Kidney 

30 

38 

23 

42 

7 0 

7 6 

3 1 

1 4 

Spleen 

66 

44 

62 

43 

8 0 

4 6 

trace 

1 1 

Adrenal 

32 

33 


63 

14 6 

12 

trace 

6 0 

Liver 

62 

94 

61 

38 

9 3 

7 0 

1 2 

2 0 

Heart 

14 

12 6 

8 6 

11 

1 6 

2 3 

trace 

0 6 

Brain 

4 0 

50 

6 

4 6 

1 6 

1 6 

trace 

1 0 

Muscle 

3 0 

3 5 

2 8 

2 0 

trace 

trace 

trace 

trace 

Bile 

6 3 

4 0 

6 2 

16 


2 0 

trace 

1 8 

Pancreas 

22 

22 

26 

20 

4 4 

3 0 

0 7 

0 6 

Bone marrow 

6 5 

9 6 

11 

10 

2 0 

2 6 

0 8 

0 9 

Testis 

2 2 

2 6 

2 6 

7 0 

3 0 

2 0 

4 0 

1 4 

Blood plasma 

0 43 

0 62 


0 09 




0 02 

Total atabnne in mgm /organ 


0 18 

0 19 


0 09 

0 04 

0 03 

0 02 

0 01 


0 29 

0 33 


0 32 

0 06 

0 07 

0 03 

0 02 

Liver 

1 64 

2 21 



1 40 

0 34 

0 28 

0 06 

0 06 


In the rabbit, the greatest tissue concentration of atabnne was found m the 
lung though if the organ weights are taken into consideration, the greatot 
total amount of atabnne was normally found in the hver An exceptionally 
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high atabnne content was obtained m the lung of the pregnant rabbit shown m 
table 6 This animal had convulsions and respiratory embarrassment shortly 
after the injection In another rabbit which died m convulsions immediately 
after the intravenous mjection of 16 mgm /kg approximately \ of the injected 
atabnne was recovered from the lungs It Is poesible that after relatively largo 
doses in concentrated eolation, the relatively insoluble atabnne base may be 
precipitated m the blood and be held bade b> the cspfllaiy beds first encoun 
tered i c, the lungs leading to on exceptionally high concentration in this 
organ 


TABLE A 

AtainnM Uuuu cf ckicltn$ rtcetnnt 5 mfwt Jkg o/ diMvdrocUorid4 

iniratwnOtt*2y and tccrijiced ajUr 1 S and 10 dat/p 


wp m o« ftAat u i MC o w 








■ 

Boon klttr kit bjactlo* 

■ 

• 

■ 

a 

Lunc 

u 

13 

23 

17 

S3 

28 

6 9 

Hdney 

23 

43 


8S 

40 

43 

7 4 

Bpleea 

63 

43 

64 

70 

SI 

86 

10 

Adrenal 


63 

fri 

67 

76 


80 

Liver 

61 

88 

83 

186 

ISO 

188 

10 8 

Heart 

8 6 

11 

11 

10 

13 

14 

a 6 

Brain 

6 

4 6 

4 4 

18 

B 

8 


MttMle 

3 8 

3 

3 8 

2 7 

3 4 

3 2 

0 8 

Bite 

e 3 

10 

80 

16 6 

14 

SO 

30 

Pancreaa 

26 

20 

26 

23 

28 

38 

3 8 

Bone matrov 

11 

10 

18 

21 

31 

20 

2 S 

Tee tie 

3 0 

7 

6 0 

7 8 

13 

19 

0 2 

Blood pUama 



0 23 

0 41 



0 01 

Total alabrin* in wtgmjorffem 

Lung 


0 00 

0 16 

0 ZI 

0 28 

0 85 

0 06 

Kidney 


0 S3 

0 SI 

0 40 

0 34 

0 44 

0 06 

liver 


1 40 

3 61 

8 40 

3 01 

4 09 

0 80 


In the chick both the highest tissue concentration nnd greatest total amount 
of atabnne were found m the Uver In this species m contrast to the rabbit 
relatively low concentrations are found In the lung crtiui after repeated dosage 
While admittedly Uttle emphasis can be placed on data obtained from random 
samples of bflo, it is nevertheless of interest to note that the concentration of 
atabrine in chicken bile Is in nearly all cases higher than that of rabbit bile 
The differences m the metabolism of atabnne In the chicken and rabbit serve 
to emphaaso the fact that intensities of antunalanal activity of drugs maj nell 
differ in a\'ian stmlan nnd human raalana because of metabobc differences in 
the host 
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Attempts to demonstrate in vitro destruction of atabrine 0 1 mgm 
samples of atabrme in 10 cc of Ringer-Locke were mcubated for 6 hours with 
Hinger-IjOcke extracts of chicken and rabbit hver, lung and kidney accordmg 
to a previously descnbed techmque (7) The extracts were then analysed for 
atabrme No evidence for any in vitro destruction of the drug could be demon- 
strated by this procedure 

Placental transmission of atabrine Two rabbits at the 30th day of 
pregnancy were injected with 5 mgm /kgm atabrme intravenously, and after 
one hour, fetal and maternal tissues were analysed for atabrme One animal 

TABLE 6 

Atabnne in maternal and fetal tissues 

Rabbits I (wt 3 4 kg ) and II (wt 6 7 kg ) received a single intravenous dose of 6 mgm / 
kg and were saonfioed one hour later la represents tissues from a single fetus bom 36 
minutes after the atabnne injection Ib represents pooled samples from two unborn 
fetuses Rabbit III received 3 doily intravenous injections of 6 mgm /kg of atabnne 
The fetus was debvered and analysed approximately 24 hours after the third injection 


lAtCPtZ 1 

1 U2BTr)nnaKK 


1 I ) n 

) 

Maternal organs 



"tv/Ir 

/*» 

mgm /ffrgM 

mtefkt 

Lung 

23 

293 

4 64 


Kidney 

22 

98 

1 91 


Spleen 



2 



Liver 

21 

6 8 

1 08 


Heart 



47 



Placenta 

8 2 

2 0 



Fetal organs 


ft 

b 

1 



Lunge 

2 9 

3 5 

1 0 

1 

10 0 

Liver 

33 

3 0 

4 4 


6 3 

Kidney 

trace 

1 6 

trace 


6 6 

Brain 





1 6 

Placenta 

1 

27 6 

20 0 




started to dehver 30 mmutes after mjection Fetal analyses m this case were 
done on the fetus bom 36 minutes after the mjection, and tw'o which were 
undehvered at the end of the hour In the second rabbit, analyses were done 
on pooled samples from 6 fetuses This rabbit had severe convulsions foUowmg 
the mjection of atabrme and remained m a very depressed condition until 
sacrificed The fetuses were alive and appeared normal A third rabbit re 
caved three daily mtravenous mjections of 6 mgm Agm of atabrme This 
animal dehvered one hvmg fetus approxunately 24 hours after the last mjection 

of atabnne 
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The data from these three experiments are presented in table 5 Appred 
able amounts of atabrine are present in fetal lungs kidney and hver after ad 
ministration of atabrine to the mother Repeated doses to the mother evidently 
result in mcreased storage m the fetuses since the offspring of rabbit III showed 
considerably higher concentration of atabnne than thoee of the other two 
althou^ analyecs were done 24 houra after the final dose A considerably hl^r 
concentration of atabrme is withheld by the fetal than by the matenial placenta 
These expenmentfl show that atabnne injected mto the maternal dmulation 
paases through the placenta and accumulaiee in the fetal organs While we are 
not aware of any evidence that atabnne has proved toxic to the human fetus 
neverthelees our experiments suggest that If the findings m the rabbit obtain 
in the human large or repeated doees might be harmful to the fetus 

anuMAST 

The accumulation and persistence of atabnne in the tissues of the fowl and 
rabbit has been studied after single and repeated mtravenous mjeotiocs 
Atabnne was found to be more rapidly eliminated m the fowl than in the 
rabbit. 

In the rabbit atabrine is stored In hi^iiest concentration in the lung kidney 
spleen adrenal and liver Howe\'er when organ wei^ts are taken mto con 
sidemtlon, the greatest amount of atabrine is generally stored in the liver In 
the chicken little atabnne is stored in the lungs and whb the exception of the 
hver all organs store lets atabnne than do thoee of the rabbit 
The intravenous toxiaty of atabnne U approodmately three tunee greater in 
the rabbit than m the fowl 

Atabnne traveraes the placenta of the pregnant rabbit and becomes stored in 
the fetal tissues. 
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The effects of analgesics of the opiate group on sensations other than pain 
have received relatively little attention Eddy (1) has reviewed exhaustively 
the hterature on the effects of morphine on hearing, smell and cutaneous sensa- 
tions, and the reported obsen ations are inconclusive and contradictory Study 
of the effects of analgesic agents such as acetylsahcyhc acid, the barbiturates 
and ethyl alcohol on sensations other than pam has been almost entirely neg- 
lected 

It was the purpose of this study to compare m man effects of vanous analgesic 
agents on the pam threshold with effects on the sensations of heanng, smell, 
touch, two-pomt discmnmation and vibration It has already been established 
m recent quantitative studies (2, 3 and 4) that the pam threshold m man can 
be elevated as much as 80 to 100 per cent by morphme sulfate (0 015 to 0 030 gm ) 
60 per cent by codeme phosphate (0 60 gm ), 50 per cent by ethyl alcohol (30 
to 60 cc 95%) , 35 per cent by acetylsahcyhc acid (0 3 to 1 8 gm ) , and a minimal 
amount by the barbiturates 

The subjects for these experiments were the three authors and three additional 
volunteers The subjects mcluded fixe men and one woman, m an age group 
from 23 to 45 years and a weight group from 68 to 80 kilograms All were 
healthy, mterested and uell-tramed observers 

Methods Thresholds for hearmg were measured wuth a 6B Western Electnc 
Audiometer at frequencies of 128, 512, 2048 and 9747 cycles per second m a 
soundproof room Threshold for smell were measured wuth an Elsberg Quantita- 
tive Smell Function apparatus, with two odors, coffee and citral 

Tests for touch perception and tw'o-pomt discnmmation were made withm 
an area 10 by 10 cm on the inner aspect of the arm 2 to 4 cm below the ante- 
cubital fossa The area was cleanly shaven and outlmed m ink Care was 
taken not to touch thesamespot twicem succession, and to mcludesj'stematically 
the entire 100 cm ’ area m testmg For the assaj of touch sensation von Frej 
bans were used which at a given length gave nse to a sensation of touch, but 
which failed to give such a sensation when the length was mcreased 

A metal divider ivith blunt pomts was used for two-pomt discnmmation 
Care was taken to touch the skm with both pomts simultaneously and hor- 
imntally to the longitudmal axis of the arm, and wnth uniform pressure each 
time The “end point” for the threshold of tw o-pomt discnmmation was taken 
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u the distance between two points touched on the ekm which could be correctly 
recognued as two pointe m four out of fi\e trials. 

Tho thnsshold for vibraUoii sense was measured with a Roth Neurometer 
This instrument is a tuning fork with a crocs piece by which it can bo suspended 
from the mde-x and middle fingora between the first and second joints The 
time la recorded by a atop watch from the moment of striking the tuning fork 
until vibration is no longer perceived ‘ 

Pboceduhe. Experiments were begun 2 to 3 hours after breakfast It was 
found to bo un^i\^Gk^y to have more than 4 subjects parbcpating in any one cx 
periment Subjects A W and H G kept records on each other and on the 
other participating subjects AH records of data were kept secret from the 
subjects until the end of the expenment Two sets of control obeervationa were 


TABLE 1 


nxaATioK 

AvasAOz ciMnnJL xxjisao 

aucox 

Two point disorlnunatloo 

3 7 cm (4 correct out of 6 trials) 

2 3-6 1 cm. 

Touch 

von Frey hair 8X1 cm in length 

6 0-10 0 cm 

Vibration Mnae 

36 aeeonda 

S3-37 seconds 

Smell 

6 ce (eitral & coffee) 

8 CO to 16 ee 

Hearing freqneodea 12S 

613 

2018 

9747 

-1-3 (dial units) 

—3 (dial units) 

•>2 (dial units) 

-*11 (dial units) 

-6 to +10 

1 -11 to +6 
-13 to +8 
-18 to -4 


Tbe wide nofa In t»ble 1 fucseit* a eotuiderable Sactuatioo TbU U boverer more 
■pparent thm real ilaee any tiofla Indiridoal did cot vary appreciably Tbui with 3 
p^t diaorlmlcation the ranfo wai ±30% lodividually with touch ribratioo seoM amell 
and hearing it waa not more than ±6% Blnco all coenpatiaona were made in torxoa of a 
(iven Individual on a given day before and after anaJgaria differeneea In threahold from 
one individual to another aa indicated In table 1 had no ilgnlSeanee 

made at about 30 minute intervals Then the analgesic agent was adrainisterod 
and, during a period of 2 to 7 hours afterward readings of the vanous thresholds 
were made at 16 to 30 ramute mtcrvals. Twenty-seven senes of observations 
were made during a penod of 8 weeks In 17 of thesd the subjects knew the 
nature of tho analgesic administered In 6 the nature of the substance was 
unknown to the subjects In addition 6 placebos ^•ere administered 

Results Control threahold readings for tho \'anou8 sensations ^\ore ostab- 

> An attempt wu made to Include atudlea on wdght dberimlnation Black cubei (0^5 
In 0 weighings 0 9 13 and 16 gm. verentilised Theaubject was raquired to arrange them 
in order of ineraasiog weight with the eyes eloaed The Ume required for the performances 
varied from 11 to 39 seconds In the six sabjeets Follnwing administration of the analgesic 
ageata, the vanalkm In the time for aaecesafol arrangement of the blocks remained ap- 
proximately the same 
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lished for the individual subjects at the begmning of each senes of obsen'ations 
before administration of the analgesic agent The averages of 40 such control 
readmgs for each sensation studied in all of the six subjects are as follmvs 
In fig 1 are showm the observations on the thresholds for touch, heanng, smell 
and vibration sense and on two pomt discnmination before and after admmistra- 
tion of 0 016 gm morphmc sulfate Each pomt charted represents the average 
of 7 senes of observations on 4 subjects In contrast to the lack of eSeot on 
the non-pamful sensations there is shown the pain threshold raismg effect of a 



like amount of moiphine sulfate reported by observers usmg the Hardy apparatus 


The effects of ethyl alcohol, 60 c 95% in 200 cc of iced sweetened water in- 
gested withm three mmutes are shown m fig 2 Here again it is seen that ethyl 
alcohol, though altenng the abihty to perceive nomous cutaneous stimuli, as 
shown by the curve of the effects on the pam threshold, has little if any sig- 
nificant effect on the threshold of perception of the sensations of smell, heanng, 
vibration, touch and two-point discnmmation 

J 
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A BimO&r IacIc of effect on the thresholds of perception of touch hnaring smell, 
and vibration sense was observed after oral administration of 05 0 6 and 15 
gm aoetylaahcyhc acid, 0J5 gim of the barbitufate Evipal (N methylcyclo- 
hexenylmethyl barbituric acid) and the subcutaneous Injection of codeine phos- 



Fia 2 The effect of ethyl ftlcotad On oe 09%) oa the thneboldi for toaeh (roo Frer 
h&lre) beariac (eadlometer). imell (elBberf apparatu) Tibratloo (Roth neorometer} 
and on tvo-polnt dleerlmlnetlon— eocnpared with lU effect on the pain threehold 

phate 0 60 gm Two-point disorimlaatJon was likewise unaltered by any of 
these agents except aostylsalloyhc add in amounts of 15 gm. which defimtely 
raised the threshold of this sensabon in two subjects During the second hour 
after the ingestiaa of ndi an amoimt of acetylsahcyho add, the minimal distance 
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betw een two pomte whicli could be recognized as such m 4 out of 5 trials was twice 
as great as m control observations made on that day 

Discussion Whereas pain thresholds vary relatively httle (± 15 per cent) 
in normal human subjects (6) olfactory thresholds have been reported to vary 
100 per cent by the Elsberg apparatus (7) and vibratory thresholds 33 per cent 
on various parts of the body (8) to practically no variation at the finger tips 
(9) Observations m the hterature on the sensations of touch and two-point 
discmnmation have not been concerned with threshold variation We have 
therefore used our oivn controls (Table 1) as bases for comparison for the action 
of the analgesics 

"Therapeutic" amounts of the analgesic agents morphine sulfate, codeine 
phosphate, acetylsahcyhc acid, ethyl alcohol (95%) and a barbiturate ("Evipal”) 
were observed not to alter the threshold for perception of touch, vibration, 
hearmg, smell and tn o-pomt discmnmation The data here reported on auditory 
thresholds are in agreement with observations of Andrews (10) n ho found that 
morphme had no effect on thresholds of perception of hearmg tones of 200, 1000 
and 5000 cycles per second 

These experiments, furthermore, mdicate that the specificity of the pam 
threshold raismg action of morphme is not umque, smce the other agents studied 
likewise had no effect on the thresholds of sensations other than pam The 
fact that a wide variety of agents are able to alter the pam threshold selectively 
provides further evidence that pam is a specific sensory expenence with its own 
neural structures and properties 


SUMMARY 

The thresholds of perception of sensations other than pam — touch, vibration, 
two-pomt discrmnnation, smell and hearmg — were not raised by “therapeutic’’ 
amounts of morphme sulfate, codeme phosphate, ethyl alcohol (95%), a barb- 
iturate (“Evipal”) and acetylsahcyhc acid 
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